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In this thesis I have attempted to assemble in some 
coherent form the fruits of two years' research into the rena
l 
handling of calcium and phosphorus. 
The expe~imental techniques that I have used are based 
upon clearance analysis and presume throughout that the cleara
nce 
of inulin is an acceptable measurement of the glomerular filtr
ation 
rate. For the a.aka of brevity and because I did not think it 
important,. I have not defended this presumption against the at
tacks 
of Wolf( 277). The measurement of the inulin clearance is well 
established as a research tool, and even if it does not measu
re 
what it purports to, it is a good standard of reference. 
The thesi.s is divided into five main sections. The first 
deals with the renal handling of phosphorus, the second with 
calcium, the third with the metabolic effects of calcium infus
ion, 
the fourth with the action of parathyroid hormone and the fift
h 
with the renal abnormality in two cases of Sarcoidosis. 
There are many important topics that fall under the 
heading of this thesis that I haTe not discussed for the reason
s 
that I have not investigated them myself and that I have not 
considered them relevant to my argument. Had I reviewed the 
literature that has accumulated around these topics it would 
have been little short of plagiarism. I have, however, included
 
many references in the bibliography that I thought would help'to
 
fill the gaps. These references do not appear in the text. 
1 
For the oonTenience of the reader_ I have included 
in the 
main text only such experimental data as I conside
red necessary. 
Detailed accounts of the conduct of the experiment
s appear in 
Appendix A at the end of the text. 
In Appendix B can be found a brief account of the 
Tarious 
analytical and statistical procedures that have be
en employed . 
There are many problems that have arisen out of my
 own 
experimental results that are, for the moment, uns
olved. I am 
pleased that it is ao, because this thesis records 
the beginning 
and not the end of my interest in renal research. 
' / 
hJ 
NOTE ON ABBREVIATIONS AND TERMINOLOGY 
The term "renal titration experiments" has been used to describe 
experiments where the relationship between plasma concentration
 
of a solute and the rate of excretion in the urine is studied 
under conditions of progressively increasing plasma concentratio
n. 
denotee plasma concentration of the solute 
indicated by the subscript . e . g . Pp denotes 
plaema. phosphorus concentration. 
U denotes urine concentr ation in mg./ml. 
V denotes minute volume of urine in mls . /min. 
UV denotes the rat e of excretion in the urine i n 
mg. /min. of the solute indicated by the subscript. 
C denotes plasma clearance in mls./min. of the 
solute lndioated by t he subscript. 
O.F.R. 
,. 
denotes the rate of tubular reabaorption of the 
solute indicated by the subscript. 
denotes glomerular filtration rate in mls . /min. 
denotes the filtered load of the solute indicated 
by the subscript. 
3 
S E CTION I. 
The Renal Handling of Inorganic Phosphorus. 
An Analysis of Renal Titration Experiments. 
An Analyaie of Thirteen Renal Titration 
Experiment•~ 
Results and Diaoueaion. 
!BE ROAL lWIDLllG OP IBO G.AllIC PBOSPlll'fE 
irbe inorganic phosphorus in the plasma is generally 
ccepted to be a threshold substance •1th regtU"d to ita urinary 
excretion .. l3y "illorganic phoaphorus" is meant that traction ot 
total plasma phoephorue that is acid soluble and 111 react 
directly with ol7bdate to produce, on reduction, a blue colour. 
B7 •threshold aubatanoe" is meant something leaa easy to define. 
The term "threshold" in its broadest, and to me aoot 
acceptable, sense implies the presence of ao e teleological or, 
to use the modern euphemism, homeoetatict lll&chaniam that operatea 
to oonaene pho-ephonus during periods of deficit and to excrete 
phoepborws during periods of excees. By so d0-ing this uchanism 
helps to maintain the pla&IID. phosphate concentration within limits 
optimal for the organism. One could not require more acceptable 
proof of this function than the obsen-ation that phsphate 
deprivation a.a a result of low hosphorua feeding will result in 
a lowering of urinary phoapborua(
3a) and th t intravenous injection 
of a solution of phosphate will result in an outpour-in of pho•phorua 
ia the urine(lOl,23l) 
To ,ra.nalate this rather nebulous concept of a threshold 
into the more attractive though prob bly lee& Yalid terma ot modern 
theory, it can be aaid th t the kidne7a oonserre phosphate by a 
process of tubular reabsorption 0£ phoaph te filtered by the 
glomeruli. f'he ability of theaa tubules to reabsorb phosphate 
4 
ia said to b limit d by l v lue or u1'1DnC
210) e111li.lar to 
that described by hannon and bis co-work~rs tor gluooae<
2,s,236). 
When the filtered phosphorus exceeds this!.,. the diff rence w
ill 
be excreted 1n th urine. It can tbereto'f'e be said that the 
kidneys excrete phosphate by not conserving it. To shift the 
emphasis lightly, the rate of exoretion of phospbat . 1s largel
y 
the responsibility of the glomeruli, whereas its consen-o.tion !a 
that of the tubules. As the threshold is the net result of thes
e 
two proce ses acting simultaneously it 1'111 be affected by eithe
r 
of them in such a manner that its level Yill vary inversely with
 
the glomerular filtration rate and direetly with the maximal 
ability of the tubules to r,eabsorb phosphate. Thia "modern theory
" 
to Judge by its inolusion in aodern textbooks relating to the 
subject, is generally ccepted a.a that best explaining obaervat1o
na 
ma.de du.ring health and dis ase. On dio ectlng this theot71 it 
is 
pparent that it makes four assumption• wh1cb I propoae to diaou•• · 
aeumption (1) The kidney is an impor~ t organ in the 
e%cretion and conservation of pho phorus. That this assumption
 
1 valid is indicated by the tact t t nephrectomy in dogs 1 
followed by a very rapid and marked rise in plasma inorganic 
phosphate concentra.t1011<
184•192•136,97) and by the r t that 
c78.1'11ding of the kidney proBucea a rapid depletion in body 
p oephate(6s), and by the fact that artificially induced ~r-
phospllataemi a is .rapidly corrected largely by urinary excretion
 
ot the xceae.(lOl,2' 1 ) 
5 
/ 
Assumption (ti) That the phosphoru ia dealt w
ith bz the 
kidn.y bz a. prooeas of filtration and re baorpti
on in accordQDce 
(168) 
with the coucept of renal t1.1nctton elaborated by
 Ludwig in 1844 • 
That thie is ao wa.a convincingly d onstrated in
 micro-puncture 
atwlie in a.mp~b1an kidneys by alker(
258 , 259,261 >, Wearn and 
Richaris(2
62) and Wbite(2
68 ). Thia has ne•ar be-en aeriouely 
disputed, although the work ot Taugener et al.(
252) does indicate 
that the renal tubules ID&Y, under normal circumst
ance, secrete 
small amounts of inorganic phosphate 1nto the tu
bules as a result 
of h7drolyais of organic phospho7ic ester compou
nds by kidney 
pbospbatases. An unhappy aba~r ct records a o se
 where the 
phoaphat clearance exceeded the 1nul1n clearanc
e in man.(l}7) 
sewaption (111) That the inorpntc phosphorus 
in the 
;elaama. exists entirely in a form available for g
lomerul.ar f'iltra.tion 
ao that, allowing for minor and unimportant Donn
an effects, the 
concentration in pla m and glo erul r tiltr ~e 
will be identical. 
~ idence in support of this asswaption ha.a com 
from several 
aourcea using a variety of experimental procedu
res. Tbe most 
convincing evideaee ho.a been that obtained by di
rect e.atim&tion 
of the concentr tion of phoophate in the glom.er
ular fluid obtained 
bJ ndcropunoture of the glomeruli of ectur
i and froga..(
258 , 259., 261 , 
262,268} 
The results of r nal titration e.xperi ent on do
gs 
h •e indicated that very high concentrations ot 
platJJ112. phosphate 




complexea(l43-,2lo). In vitro ultrafiltr tion through oolloclion
 or 
oellopbane m branes has imilarly lent upport to t
his aeaumption 
(240,9.6.24,28,95,194,126, 256). as has in vivo oompeuat
ion 
dialya1a(a9, 97). 
~hat this assumption is not neoesaaril.7 valid, howe
ver. 
is indio ted by the t et that the concentration of inor&
Wlic 
phosphate in the Cerebroapinal fluid ia onl7 approxi
mately half 
of th tin the blood plaama(l97)J b7 the obaerYations 
ot LaJDbert 
et al.(l57) who interpr ted their r sults from renal titr
atio 
experiaftllts as indicating the preaenee of non-filter
able oompounds 
at high plasma le.ala and confiraed tbi by in vitro
 ultra.filtration, 
and b7 the obaerv tiona of J cobs et a1.<142 ) who compared tbe 
relative permeab111-t1ea of endogenous phosphate and 
infused P'
2 
and ca• to the ooncluaion tbe.t the latter wa ali h
tly (7.71') 
more filterable. ~hese obserYationa o~ Jacobs et al
. y howeYer 
be.ve been apparent rather than real and due to rena
l delay time 
tfect. I aba.ll discuss this as umption in greater detail w
hen 
diacueaing ~ own ~perilllenta1 r ult. 
Aaaumption (iv) That a true 1'a tor phosphate does er
tst in 
JlaQ. th ·tie independent of glo erular filtration rat
e or filtered 
load once the 'rm value hae been exce ded. This assu
mption he 
aroused more controversy than~ other and opinion
s. substantiated 
by experimental results, have be xpreaaed tavouring o
ne ot 
thre chools 0£ thought. 
a) That the a sumption 1s uncond1t1onallz valid. Rep
resentative 
) 
of this school of opinion are Pitta<
210), Ayer et a.l ., (l:,) 
Lotspeich et ai . <167), Smith(
2' 9) and Anderson<12 >. Apa.rt from 
these workers who have expressed their beliefs, this assumption 
is implicit in the work ot many others . 
b) That the, assumption is invalid in that the absolute a.mount 
reabsorbed at maximal levels varies directly with the glomerular 
filtration rate, but is independent of the plasma concentration. 
Adherents to this belief are Ba.relay and Cooke(l5,l
6) , Longson 
et al . {166) and Harrison and Harrison(ll4) . If the renal handling 
of other ions can be said to be representative of the manner in 
which the phosphate anion is dealt with by the kidney, analogous 
support is lent to this belief by the taot that a directly 
proportional relationship between glomerular filtration rate and 
rate of tubular t ransport exists for ohlori de{l
67) , bioarbona.te<212 ) 
and aodium{ 126 ) . Ayer et a1.<
1,) , in an experiment designed to 
test this criticism of the Tm hypothesis, found t hat elevation of 
the oreatinine clearance in dogs by high protein feeding produced 
no change in absolute amount of phosphate reabsorbed . This 
criticism, if Ta.lid , would mean that the glomerular filtration 
rate would have no effect upon the threshold level . 
o) The third body of opinion, represent ed by Crawford et al . (50) 
and Smith , Ollayos and Winkler<
24o) claims that Assumption ( i v) i s 
invalid in that the amount reabsorbed is directly proportional to 
the filtered load• or that the renal tubules will reabsorb a 
constant fraction of the filtered phosphorus at all loads . In this 
respect, the human kidney would behave in a manner similar to that 
8 
of \he cat where ther is no tru Tm-, but wher an increas d 
ount of phosphoru ia reabsorbed s the plas level is elevated. 
This well ahOYl'l by Eggleston ar1d Shust r{
65,66), and confirmed 
by taugener et al.(252 ) 
'l'o return t o tho te 11 threshold"• it should an in ita 
atrlctest aenae, that there exists for inorganic phosp orua a 
critical plas concentration below which it will die ppear fro 
the urin, at •hich it •ill suddenly ppear · in the urine d above 
which 1Jlcreases in the plasma concentration hould be aceo p ied 
by proportional increment in h rate of urinary elimin tion. 
T t there is no such sharply defined threshold l vel, however, 
(28) 
was shown as early a 1928 by Brain- et al. who de onstratecl 
that ev n wit ~ rr low plasma ltl"rel produced by insulin 1nj ction 
or overl>reatbing, it is virtually impossible to obtain phosphate 
free urine. There is thus no lmo " n111al threshold lnel" for 
phosphate in man or threehold ot ppearance tor pho phate • 
hen the plae level of phospbat~ ia raiaed &rtifically by intra• 
•enous in.fu 1on of phosphate in th performance o~ re 1 titr ~ion 
experi=ents, and the rate of urinary eli n tion ia plott don 
the ordinate of graph ag inst th plaa co eentr iio-n aa the 
abaoiaaa, the linear relationship t t xists b ~••en th two at 
Tff7 high pl concentrations is p ecaded ~Y curvilinear 
r l tio.nship at od r. tely raised concentr tion. Thia curved line 
ia poken 0£ the .,heel ot th titration curve" and ia 





e pl cone tr tion t 
beoo e l1n r 1 r err d to 
B C p 
UV d P be 
fened to as 
cun-111n r l tio hip 
th 0 l thre h ld l V l, 
the int re pt of th extrapolated lin u on th
 ab cieea is 
r f rr d to thre hold l v 1
11
• re it not for the 
t ct t t such thr hold do eXi t, th • ot the 
term thr hold' would c 17 e j tified it re rd to
 
ort tely tor thi theei, ther 1 uoh limi
ti 
ahold d it h be for 
10 
phosphate and aost other threshold substancea{l,l4J,,
201t208 , 217). 
The phosphate threshold can the-r £ore be 4e1'1ned as a 
ran e o.t plaema phospbat.e cone ntr tions with no known miniaal 
liaiting va.lue but with a fairly well de.tined aazima.l lilliting 
value at •hich phosphorua will appear frankly in \he tU"ine. 
Thie "heeling" of the titration cune is interpreted 
aa indicatins heterogeneity of the tubule popul tlon, ao that 
shorter, or leas "act1••n tubule• will becoa aatur ted at lower 
filtered loads than will others with consequent apill~••r into 
the urine of filtered phosphate at low leTels. ~e maxinl 
threshold level indicates that plaal'lla concentr tion at which the 
r abaorptiv• capacity of the entire nephron population is eiceeded. 
Bad it not been for thia heel of the curYe in glucose titrationa, 
Shannon and Piaher need only haYe spoken about & glucose "lf
8 • 
The "•11 would have been redundant. 
An altern tive, and to e more cceptable, explanation 
tor the presence of phoapbate in the urine at aub-mazimal threshold 
levels f'ollo•• trom the sugge tion ot icholz and Starl1ng(
67,6S) 
recently supported 'by Taupner (252) that the ~bule cell• 
may eontribute to the urine phoaphoru b7 hydrolysis of organic 
phoapbo%'Us compounds. ~he kidney 1 known to oonta.ia large a.mounta 
rd phospbata.aea, and it ia clear tha t this minor contribution of 
endogenous phosphate would ass e decreasing eignif'icance as the 
rt of e.xoretion of phosphorus in the urine is accelerated by 
11 
progresaiTe leTation of the pl concentration, until, at the 
aaximal threshold level, it would ceas to ipil'icaao 
a.ad the relationship tbereaf'ter between UVP and PP would be liaear. 
everthel e ., although the reason tor this 
0 heel o! the 
CUl'Te" may be obsc\lre• it does e%iat and ite 01117 1 ediate 
iapoita.aoe lies in the tact that if it existence is i ored, it 
11&7 give rise to error in the 1nterpr tation of results. Thia 
bas been 811phuised b7 Pitts(
2lO) and formed the basis of his 
criticism of the work of Rarr18-0n and Barriaon(ll5) wboae 
oonolua1on regarding the tubular handling of phoapbate during 
periode of cidos1e were founded on experiments performed t 
eubmaxiiaal plaa levels. 
To ewamar1ee at thie stag&•-
1) A threshold exists for phosphate th t ie not r-epr&aented b7 
a or1tical plas 1 vel but covers a r ge of plaeaa conoentr tiona 
11111 ted maximally by a aadmal thnehold level at vib1ch phosphate 
rill appa r "frankly'* 1n the urine. 
(ii) The leYel at which this thl-eahold . 1& fixed i determined 
largely by renal meoham.•- or mecbani81l8 mediated through the 
kidney about the nature of which controversy still exists. 
It was in an attempt to enter tbie contrOTerey an to 
add to it the taeagre weight of 1117 opini.on that I embarked upon the 
ser-1•• of exp riments to be de oribed shortl7. As all of these 
experiments took the form o~ ren l titr ti.one I shall first 
di cues the theory underlying th conduct d interpretati.on of 
these experiments. 
J 
I c uots.ns t e exp riM21 ia C C 
two• r1 l• -
0 C d the te oi excra
t1o of oaph 
111 the urine ( 
or i f,&.O.l,.&&u betw nth two• 
0 8 ff ill ill: 1921 b7 C ltz d 
ith{ZJl), d ha alnce 
repe tedly o irmed. aldane et 
• (101) ·emo 
.. bip unafi' ctea r t ot fl01r 
n et 1. 1 192 (
2s) derived · the t1oal 
la o as reae ~ rel tiou P• to 
of xcreU ot phoephoru in th unue could a 
c ce tr ti and 'lb threshold• •· 
In the exp riaental procedure, th plu phosphate 
ooncentr tion ts r • b7 t e iati-a."l'eaoea taf\ul1 of a 
sterile 
•phorua con.lent. If 
• aeda or tllf'u ion over th 
• d® b7 eraon(l2)) 
riae in las 
ot 
urine oollecti 
ai4po1nt of cb riod f uri • col.1 cti 
the a 
o •• iYel7 incre ·1q 
for in · o• 
•, 4 he 
ttme, the 





aaawned to b& repre entative of the aver ge plasma concentration 
duri each urin;e colla-ctiotl period. The effects of such 
calculated elevation of the pl s pho phate concentration upon 
the rate ot urinar-y exor tion of phosphate ma7 then be studied 
&Dd plotted graphically. 
Since the plasma phosphate ie the controlled variable 
in. such an experiment it lfill, 'b7 con.-.entiont be pl.-otted on t-he 
abaoiaaa and the rate o-t urinary excretion of' phosphate. as it 
ia the dependent vari~bl.e will be plotted on the ordinate. It 
there ia no connection between the two variables the point-a on 
the graph rill be scattered and without obvious trend. If then 
ia a relationship. there will be a resularityil the arra.ngement 
of the points •1th a degree of correlation dependent upon the 
relat1onah1p that exia~a and upon the accuracy with which the 
T luee ot the two variables can be estimated. 
Ae tbe relatiouhip between these two Tarla.blea is 
•orma.117 linear, I propose to digress b:ri f'l.y to discuss the 
aatheaat.ical e.xpre,saton tor a at.raight line .. 
~he atheJ1atical Exereaeion For a Strai5ht tine. 
In co-ordinate geo.metry, any equation rela.U.ng 7 to x 
of the form 7 •ax+ 'b where a and bare constanta will yield, 
when lues tor 7 obtained for any v lue of x are plotted against 
these Yalues of x. a atra1ght line. This fact. le illuatra.ted 





Here y has been plotted on the ordinat and x on the 
abscissa (This convention will be adhered to in all subsequent 
graphs.) The following points are illustrat d. 
(i) hen the same scales are chosen to represent the 
numerical values of the co-ordinates, the lin y • ax-b where 
a• 1 (line ,o1,N1) lies at 45° to both axes and interc
epts the 
ordinate at wh re 7 • -b. 
(ii) en, under similar circumstances the line y • ax-b 
is drawn with a• less than 1 (line ,o2,N2) th line will still 
intercept the ordinate at 7 • -b, but now lies to form a more acute 
angle with the abscissa, and the1angent of this angle will be 
equal to a. 
The constant "a" is referred to as the regr ssion 
coefficient of x and determines the slope of the line. The 
constant b determines the v lue of the ordinate at which the 
line will intercept. 5 
(iii) 
b 
'lh.e line will intercept the abscissa at X • & • 
The application cf co-ordi,nate eometry t"° the int r:p,retation 
of renal titration eJCEeriment& .. 
Ind termining the amount of phosphate reabsorbed b7 
the renal tubules "'/ery minute. it 1s oustom.ary to calculate 
the filtered load of phosphate as th product of the glomerular 
filtration rate and plasma phosphate concentr tion. The rate 
of reabsorption is th n det rmined a. the difference between 
the fil\ered load and the a.mount excreted each imlte. 
Expressed in symbols • -
~t l? • plasma phosphat concentration i.n g .. of ' p 
phosphorus par ml. 
Let on • glo:merular fil t:ratton rate in mla./min. 
Let FP • filtered load ot phoephorua in ag./m1n.. 
: • F • GFR X p mg.Jain. p p 
Let Tp • Rate of tubulo.r reabsorption of pboephorue 
in rng./min. 
Let UP• Urinary coneentr tion of phosphorus in 
./ml. 
Let V •rte of secretion of urine in al./min • 
• • • rate of excr tion or Phosphorus• UP x V • uvp. 
Then uvp • GP x P .. T .................. ( 1) p p 
this equation on also be written 
or 




' ........................... (3) 
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/ 
In e uation (1), if UVP and PP are chosen the co-ordinates. 
the slop 0£ th line will ve an e ti te of tbe glomerular fil• 
tr tion rate and the negative 1nterc pt on the ordinat an estimate 
of the rate of tubular transport of phosphate. · The intercept on 
the abscissa will give the mean thre hold v lue tor phosphate or 
that plasma concentration of pbo phate numeric lly equal to the rate 
of reabs-orption divided by tha glo rular filtration rat•• 
In equation (2) 9 where UVP and Pare chosen aa the co-
ordinates. the regreesion co f£ieient 1Ji.ll be unity and the negative 
intercept •ill be equal to the rate of phosphate r absorption. 
ln equation (3), where UVP and PP a.re th co-ordinatea the 
G 
regression coefficient will, once ore, b unity and the negative. 
intercept will be equal to the rate of r b orption of phosphate 
divided ~3 the glomerular filtration rate or th~ threshold level. 
We h v then, fro "these three equations, a oho1c ot three 
pairs of co-ordinates that can b us din the graphic depiction of 
renal titration results. 
Let us. take~ as theoretical models, three renal titr tion 
experiments oondueted under ideal circumstances wher the p ra.meten 
ar subject to exact easurement and •here euc0h complic-a.'tiona o.e 
ren l delay time, ' be•ling' 0£ the titration curve and th ~ormation 
ot non-filterable pboaphate complexe.s . do not exist • . 
Let -each experiment consist 0£ six urine collection 
periods of qual du.r tion and let there be linear increase in 
Plaa inorganic phosphorus ooncentntion by lag.% over eacb 
urine collection period . 
17 
XPERIJ4ENT A. 
On this experiment let the glomerular filtration rate r emain constant 
at 120 ml . /min. and let th rate of tubular reabsorption remain 
constant at 3 mg. /min . 
The data for plotting of the graph are given in Table A. 
T.Al3LE A. 
GFR pp Fp Tp UV 
T /100• UV x p p p 
PERIOD (ml. /min) (mg .1') (mg. / ( g . /min) (mg. /min) GFR GFR 
I 120 3 3. 6 3. 0 o.6 2.5 0.5 
II 120 4 4 . 8 3.0 1 . 8 2. 5 l.5 
III 120 5 6.o 3. 0 3. 0 2. 5 2. 5 
IV 120 6 7.2 3. 0 4. 2 2. 5 3. 5 
V 120 1 a.4 3.0 5. 4 2. 5 4. 5 
VI 120 8 9. 6 3.0 6. 6 2.5 5. 5 
• The multiplicand of 100 is mg.% instead of mg./ml . 
introduced because Pp is expressed 
In Fig. 3(a) the graph is drawn with co- ordinates UVp and PP 
In Fig. 3(b) " 








n " " uvp and pp 
" u II UVx:100 and Pp 
0 -t---+--+-+-+-----+---+----+-....... .......i 







Fig.3(a): - The slope of the line gives an estimate of the glo erular fil-
tration rate. The negative intercept on the ordinate gives the rate of 
tubular r absorption of phosphorus. Th line intercepts the abscissa at 
the thr shold value of 2 . 5 
The points lie on a straight lin with good correlation. 8 
1 
0 -t---1--+---ir1l----+--+-~""'""""-+--+---+~ 
J f 5 6 7 t> 9 
--~ F mg/m;n 
-3 
Fig. 3(b)i - T~e slope of the line i unity. 
Th line intercept the ordinat o.nd th abscis a t th ame value 
corre ponding to the rat of reabsorption of phosphorus. 








1 f 5 6 r 6 
-1 
Pms % -2 
Fig. 3(c):- The regre sion coefficient is unity. 
The line intercepts th ordinate and the abscissa at the thre hold 
value of 2. 5 
The points lie on a straight line with good correlation. ~ 9 l 
inte.rc pt 
B. 
H re let 
of tubul 
a le • 
G 
p OD( .. /11111) ( 
I 110 ' 
,., 3 o., 2.73 
II 90 4 ,.6 ' o.6 
,.,, 
III 120 5 6.o ' :,.o 2.50 IV 130 ' 7.8 ' 4.8 2.30 80 1 5.6 ' 2.6 3.75 VI 100 8 s.o ' 5.0 :5.00 
e thr e p rs f c ordi ta as• r us cl in 







0 • 1 2 3 + 5 
Pms % 
4(a) s-
h point ar ac ter d d no ind o tion is T not th 














UV 3 x,, // 
• 2 ~ mg/man 
1 
0 
1 + 5 6 7 t, 
-1 F ms /m;" -2 
-3 
Corr l t1o 1 good. 
on a atr igbt 11 • 
y the int re pt on the 
5 • 
+ • 




L 2 3 4- 5 6 7 Z> 
p ms % 
ig.4(0):- h points ct red, and o accurat e ti 1 
given oft e lo erular filt~ tion rt or t e t ot re baorption. 
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c. 
Hr l t t glo rular filtr tion rt v 7 as betor t let t e 
thr hold( :p ~ r in conet t t }.O ./ n./1 1. of til trate 






















































0-,..-.... - .... -•--+--+---+--.... -~ 
1 2 3 t 5 6 7 8 
Fig. 5( }:- Th point r tter , d, • 1 bowin a tr t 


















3 + 5 6 7 & 
F mg/m;n 
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tr 1 ht lin with o corr l tion. t7 - d thre hold i indic t d by Th r i error 1 e equation 
xl.00 . p - TxlOO 
G G 
3 
Under ideal circumstances, therefore, where the glomer
ular 
filtration rate varies and there is a directly proport
ional change 
in the rate of tubular transport (i.e.~iR remains cons
tant) a 
linear plot will only be obtained when the rate of exc
retion 
divided by the glomerular filtration rate is plotted a
gainst the 
plasma concentration. 
It is apparent from these three theoretical models 
that the degree of correlation between variables that 
is obtained 
when different co-ordinates are used will provide a me
asure of the 
validity of the theories of renal function discussed p
reviously. 
The presence of a threshold and the validity of the 
theory in general will be most readily apparent from d
ata collected 
while the glomerular filtration rate remains constant 
- as in 
Experiment A. 
If there is a maximal limiting rate of tubular transpo
rt 
of inorganic phosphorus that is unaffected by changes 
in 
glomerular filtration rate this will be revealed by a 
greater 
degree of correlation of the points when the rate of e
xcretion 
in the urine and the filtered load are plotted as co-o
rdinates 
than with any other co-ordinates. This is demonstrate
d in 
Experiment B. 
If, however, the highest degree of correlation is 
obtained when the rate of excretion divided by the glo
merular 
filtration rate is plotted against the plasma concentr
ation, this 
would lend strong support to that body of opinion that
 holds that 
the threshold is more constant than the maximal reabso
rptive 
capacity of the tubules. This is demonstrated in Exper
iment C. 
Unhappily for the experimenter ( and perhaps happily 
for the experimentee) the mathematically precise state 
of affairs 
that was conveniently preYalent during the theoretical e
xperiments 
does not obtain in practice. 
There e.re a number of known factors that may disturb 
the ideal relationship, and I shall discuss them individ
ually, 
l) Laboratory Errors. 
In the hands of an experienced and fastidious technician
, 
such as I was fortunate enough to have working with me,.
 errors in 
the estimation of in~rganic phosphorus and inulin are sm
all and 
relatively unimportant. In addition, such laboratory e
rrors as 
do exist are likely to be random rather than systematic
 provided 
such pitfalls as a wrongly calibrated pipette er a dirty
 
colorimeter tube are avoided. Duplicate or triplicate a
nalysis 
' 
also does much to increase the accuracy of the procedur
es and to 
give an estimate of the inaccuracy of the techniques. 
The laboratory, therefore, will be responsible tor a 
minor degree of poor correlation in the eventual plot. 
2) Incomplete bladder emptying and inaccurate timing of 
collection periods will result in poor correlation when 
UV is 
plotted against either For P. Correlation will howeve
r be 
restored when the quotient o'f UVp and glomerular filtrat
ion rate 
is plotted against the plasma concentration. 
,) Plasma phosphate concentration falling within the 
H~ r<.s ~o I~ ra.pge will result in a curvilinear relationship
 in all plots with 
an apparent diminution in the slope. The glomerular fil
tration rate 
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will be under- estimated when UVp is plotted against Pp and the 
regression coefficients of the other two graphs will be less than 
unity . 
4) The formation of non-filterable phosphate complexes_ 
will affect the graph in either of two ways . 
Ift at all plasma concentrations a constant fraction of 
the plasma phosphate is in a non-filt~rable form, the slope will 
bed creased in all plots, but the linearity rill not be disturbed. 
If, however, the formation of non- filterable complexes 
occurs only at high plasma levels, the expected regression 
coefficients will be found until such time as "colloidal" phosphate 
is formed when the slope will be decreased with flattening of 
the cun-e and a disturbance of linearity .• 
5) A progressive increase in the rate of tubular 
reabsorption of phosphorus over the course of the experiment 
would diminish the slope of the regression lines in all plot s. 
This effect is represented diagrammatically in Fig. 6. 
Such a change in tubular aetivity cou:J_d occur if the 
rate of reabsorption we.re affected by the concentration in the 
glomerular filtrate or if the experiment were done at a ti.me of 
normally varying tubular activi t y . 
If, a.s has been suggested(20,lBl), the rate of tubular 
. 
reabsorption is diminished by prolonged infusion of phosphate, 
the opposite effect will be found with an increase in the slope 










ig. 6 ,- In t ae two di~.-Hn, ... wh r ....L. i t 




1ncre in tubul r ctivity upon th lop ot the top 
1th th left. en by co p ri g th ri t dia.1e.1~-
6) bly con tant, have 
no ff ct o th corr l tion ot th poi t, t e lin it7 ot th 
lot or th slo oft lin, ut 11 x rt pronounc d ffect 
upon the thr ahold v th rt orption of hoaphat. 
Thi 7 the 
lin nt lin d th line AA1 i th r 1 line 
with the di er cy due tor l d l y ti a. 
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UV 







In renal titration experiments, when the data are graphically 
represented by the three pairs of co-ordinates mentioned, and 
(1) Poor correlation is found when UVp is plotted against 
Pp and when UVp is plotted against Fp but there is good correlation 
when ~Fi is plotted against Pp, this is due to inconstancy of the 
glomerular filtration rate with proportional change in the phoephate 
reabsorption either real or apparent due to inaccurate timing of 
collection periods or incomplete bladder emptying. 
(2) Poor correlation is found in all plots, this may be 
due to (a) errors in laboratory technique or (b) random variation 
in the rate of reabsorption ot phosphate. 
(}) Good correlation is found with poor linearity& this 
may be due to (a) plasma phosphate concentrations that fall within 
the threshold range, or (b) the formation of non-filterable phosphate 
complexes at high plasma concentration. 
(4) The regression coefficients are lower than would be 
axpectedJ this could be due to 
(a) The presence of a constant proportion of the plasma phosphate 
in a non-filterable form. 
(b) The superimposition of the experimental period upon a period 
of normally increasing tubular activity. 
(o) Progressively increasing rates of tubular absorption with 
increasing filtered loads of phosphate , or 
(d) the fact that the highest plasma concentration achieved has 
not exceeded the maximal threshold level. 
Having defined the manner in which renal titration 
experiments may be interpreted I shall present for analysis 'fJf3' 





An Analysis of thirteen renal titration experiments. 
Material and Methods. 
The subjects used in this study were all, with the exception 
of subject B.A., healthy male students recruited as volunteers from 
a University 
The 
arm veins to 
residence where I act in the capacity of medical officer. 
subjects were selected on the basis of prominence of 
facilitate venipuncture during the course of the 
infusion. It was explained to them that they would be expected to 
pass urine at 20 minute intervals on demand for :5 hours, and they 
were requested to practise bladder voiding. All were imbued with a 
healthy competitive spirit, and competed eagerly for the prize 
I offered to the student with the largest minute volume of urine. 
Urine collections were made by spontaneous voiding, the cessation 
of flow being taken as the end-point of the period. The collection 
periods were timed by the simultaneous pressing of two stop watches 
(to start the one watch and to stop the other). Urine was passed 
directly into a measuring cylinder. and after recording the volume 
for championship purposes the urine was made up to a convenient 
volume with distilled water to facilitate subsequent dilution for 
analysis. 
Blood was collected by veni-puncture without anti-coagulant 
approximately 2t minutes before the midpoint of each period, and 
was separated by eentrifuga.tion after allowing 30 minutes for clot 
retractions to occur. 
The experiments were all performed with the subjects in the 







The experiments were performed with the subjects eitting 
in an armohair and rising only to pass urine. Smoking was prohibited 
during the experimental period. 
A solution of 10% inulin made up to a convenient volume 
with 0 . 9% NaCl solution was administered by venoelysis at a constant 
rate calculated to maintain a plasma concentration of approximately 
40 mg.% This infusion was started approximately one hour before 
the beginning of the first collection period, and was followed 
immediately by a priming injection of lo% inulin injected into the 
tubing of the administration set so tha t one hour was allowed for 
equilibr4tion of the inulin before measurements of the glomerular 
filtration rate were commenced. 
An infusion of sterile buffered phosphate similar to that 
used by Anderson<12) was administered through & second "push-in" 
at progressively increasing speeds from a constant infusion pump. 
The pump was reset every five minutes to give a greater speed of 
infusion, the setting being read off a graph drawn beforehand from 
the equation given by Anderson<12). A.a can be seen from the tables, 
a reasonably linear rise in plasma phosphate concentration was 
obtained . 
Subject B.A. was a coloured male of 42 years of age 
convalescent from a laparotomy performed for a stab wound in the 
abdomen. As B.A. was unable to pass urine spontaneously, urine was 
collected with an indwelling multi-eyed catheter and the periods 
terminated by washout with distilled water and air - the latter 
expressed by supra pubic compression. 
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Subject L. McK. had had a haemorrhoidectomy performed one 
week before the experiment . 
Subject V. M.G . fainted during the equilibration period 
but recovered immediately and was able to continue the experiment. 
A tot al of 18 experiments were dane, but five were 
rejected for no other reason than that I did not think they had 
"gone well" • .Analyses were not done on the specimens obtained from 
these experiments. 
Further details concerning the solutions used .and their 
mode of administration will be found in Appendix B. 
Details of times and comments on the conduct of experiments 
will be found 1n Appendix A. 
The results are presented in tabular form followed by 
three graphs for each experiment . The first graph shows the data. 
plotted with co- ordinates UVp and Pp , the second with co- ordinates 
UV d Fp d th thi d 1th di t UVp X 100 d p pan an e r w co-or na es G.F.R. an P• 























































































































































































































































































































































































& !J = 1-38x- 4·69 
'l 



















y = 1-02:c -5·04 











T l1 R. 
.Y=0·.99.r-3 ·37 
0.-+---+---+-+---+---+--+--+---+-~~ 
1 2 3 4 5 6 r 5 9 
Pp ms lo 
Fig. 8(c) 










































































































































































































































































































































































































































a V.M.G . 









1 2 3 
Fig. 9(a) 
a V. M.G. 
< !J = 0·95.x - 5·54 





+ 5 6 T 
Pp ms% 
• 
5 9 10 
0'-+--+--+--P""-""'t---+-+---+---+---+--+-.......---1---4---1 











.Y = 0·..94-.x - 4-02 • 
O-t---+---+-+---+----+--+---+-...... ---1--1----1 
1 2 3 4- 5 6 7 t, 9 10 JI 
Pi, mg /o 
Fig. 9(0) 













































































































































































































































































































































































































































































































p 4 -· 




.Y = 1-02x -4 ·01 
0 -f---+---+--+---+---+---+--+--+--~~-; 









Pp ms 'l. 
Fig. l O(a) 
A.v.d.M. 
.Y = 0·.97x-3·64 
0-t-"""t-'""'1"'"---t---t---t---+---+--+--+---+-~ 
1 2 3 + '5 6 I & 9 10 11 
Fp mg/min 










!J = 0·99x -3· 79 
O-r---t----+-----t-+---+--+---+-.---+--4-~ 
1 2 3 t 5 6 I S 9 10 11 
Pp mg% 
Fig. lO{o) 
Comm nt a- High degree of lin arity and correlation 




















































































































































































































































































































































































































1 2 3 + 5 6 c 5 9 10 11 12 13 14 
Pp mg lo 
Fig. ll (a) 
8. R. F. 
y 2 O· .91x - 4·0+ 
o---+--+--+--+--~i----+---+--+--+--+-+--+--+---1 
1 2 3 + ~ 6 7 8 9 10 11 12 13 14- 15 
Fp mg/min 














1 2 3 + 5 6 r & 9 10 11 12 13 14 
Pp ms l 
Fig. ll(o) 
Co ent r- There is a high d gre of corr lation in all 












































































































































































































































































































































































































1 2 + 5 6 r f> 9 10 11 
Pp mg 1.. 
Fig. 12(a) 
L.A.E. 
_y= 0·78r-2· 76 
o...,....._-+---+-+---,~--+--+--+----+---+---+-t 











.Y = O·TBx-2·62 
0-+--+---+-----+-+---+--+---+-....-.............. --,j 
1 2 3 + 5 6 r ~ 9 10 11 
Pp mg% 
Fig. 12(c) 
Comments- Th re is good correlation and lin arity 

























































































































































































































































































































































































































































Pp mg lo 
Fig. 13( ) 
BA. 
y= 0-72.x-3·4-4 • 
0....,.__+---1~---+-__..,..--t-......,_-t--+---+--1--"-1 











!J = O· 73.x -3 · 0 
0 ................ -+--....... --4----+---+-+--....... -.-j~........i 
1 2 3 t 5 6 r a 9 10 
Comment i-
pp ms 1°. 
Fig. 13(0) 
There is reasonably good correlation in all 













































































































































































































































































































































































































!J = 134.x-6·01 







1 2 3 4 5 6 T & 9 
PP ms /o 
Fig. 14(a) 
L.G. 
y 2 0 ·88x- b-14 
0-+--+----,~----+---+---+----+-........... -+---+---+---+---+-I 













.Y = 0·87.r-3 -~1 
0-t---+--1---+---+--+---+---+-~--t 
1 2 3 + 5 6 Y ~ 9 
Pp mg% 
Fig. 14(c} 
Comment a- Good correlation in all aph. 
Regr sion coefficients in Figs. (b) and (o) 
l a than unity. 























































































































































































































































































































































































































y = 0·78.r-2·66 
0-t---t----t---+--+--+---+---+---+----+--.....+-~ 
1 2 3 + '5 6 7 6 9 10 11 
Pp mg z 
Fig. 15( .) 
C.E. 


















1 2 3 + 5 6 r 6 9 JO 11 
Pp ms% 
Fig. 15(c) 
Comments- Good correlation in all graphs. 
Slightly curved line would tit points bett r 



































































































































































































































































































































































































































y-0 ·90x -3·(2 
• 
• 
1 2 3 t '5 6 t 8 9 10 11 12 
pp mg /o 
Fig. 16(a} 
A.O. • 





















QL-______ .;.... ________ _ 
t 2 3 4 '5 6 "( t> 9 JO 11 12 
Pp ms X 
Fig. 16{c) 
Poor correlation in Fig.{a) that i worse wh n 
the co- ordiuat sin Fig.(b) re used. Fig.(o), 
























































































































































































































































































































































































































.Y = 0 ·80x- 3·30 
• 
0'+--+----'f---t---+---+----+---+---+---+--~----+--+---+----+--1 













6 .M . 
y.:0·90.x -3.34 
0-1-------+--........ """4-~-+--+---t----+--+---, 
t 2 3 t 5 6 7 & 9 10 
pp mg°/. 
Fig. 17(0) 
Co ent ,- Poor correlation in Figs. (a) and (b), th 








































































































































































































































































































































































































B.J. B. • 












t 2 3 t '5 6 T & 9 10 11 
Pp mg 0/0 
Fig. 18( ) 
B.~. B. 















.Y = O· .94x - 4· 66 
1 2 3 f 5 6 '{ & 9 10 11 
Pp ms 0/o 
Fig. lS{o) 
Co ent : - Poor correlation in igs . {a) and (b) 
with excellent correlation in Fig. {o). 




















































































































































































































































































































































































































1 2 3 + 5 6 t t} 9 10 
Pp ms% 












8. A. B. 
!J= 0·86~-3-45 
o_._---f--+--+--...;::~ ....... --.-....... -1--"""'--I 
1 2 3 f 5 6 T ~ 9 
pp ms% 
Fig. 19(0) 
Comment a- Excellent correla tion and linearity in Fig.{c) 
as opposed to tha t in Figs. (a) and (b). 
If the co-ordinates for period land 2 had been 
omitted from the graph, the regression coefficient 
would have been near r unity and the linearity 














































































































































































































































































































































































































.Y= 0 ·61 -3 ·6t 
' 
• 
Z 3 f 5 6 r o 9 10 11 ll 13 t+ 1'5 
Pp mg X 
>. 
L.McK. 
y - 0·52x -3-26 
• 










_y - 0·54-x- 3 ·14 • 
0-+---+--+---+---+----+---i---+---+---+--+---+----+----+-+----f 
1 2 3 t ~ 6 c I!> 9 10 11 12 1.3 14 15 
Pp ms 1o 
Fig. 20(c) 
Co ent : - Poor correla tion in Figs . (a) and (b) . 
Good correla tion in Fig. (c). 
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RESULTS AND DISCUSSION. 
I have the following comments to make on these experimental 
results s-
1. In eight cases the glomerular filtration rate remained 
constant (Experimen~s I - VIII inclusive). In these there was 
good correlation no matter which co-ordinates were chosen to 
illustrate the relationship between the variables. 
2. In two oases (Experiments VII and VIII) there was a. curvi-
linear relationship between the variables at the lower plasma 
phosphate concentrations. This, I suspect, was due to the fa.ct 
that the lower plasma phosphate concentrations fell within the 
threshold range with resultant rtheeling of the curve". 
,. In 5 oases (Experiments IX - XIII inclusive) the glomerular 
filtration rate varied over the course of the experiment. This 
variation may have been apparent, due to incomplete bladder 
emptying and inaccurate timing, or real due to changes in renal 
haemodynamics. I oa.n offer no more acceptable evidence .in favour 
of the latter alternative than the weight of my opinion. In 
subject L.MeK. who had undergone a haemorrhoidectomy one week 
previously, I accept that incomplete bladder emptying may have 
been a factor. In no other case, however, did I have any reason 
to suspect that bladder emptying was incomplete. 
4. In these 5 oases there was poor correlation between the plasma 
phosphate concentration and rate of excretion in the urine, and 
between filtered load a.nd rate of excretion in the urine. In 
all cases, however, there was excellent correlation b~tween 
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plasma phosphate concentration and the quotient of rate of 
excretion and glomerular filtration rate. Allowing the suppo-
sition that the variation in glomerular filtration rate was real, 
this indicates that a rise in glomerula.r filtration rate 1s 
accompanied by a r1-se in rate 0£ tubular transport of phosphorus. 
This obaerTation oonf'irma the obserTation of others(l4.l5,l
66 ,ll5). 
The easiest way of explaining the relationship between glomerular 
and tubular actiyity would be to suggest that. intermittent 
glomerular shutdown would deprive those nephrons of filt.rate and 
so meoha.nioa.lly u.ecrease tubular rea.bsorption of phosphate. 
Glomerular intermittenoe, however, while accepted as occurring 
in a.mphibia.( 267,2l9) is not thought to occur in the mammalian 
• 
kidney*' Direct visual techniques employing injection of india.n 
ink into the renal artery have yielded varying results(
269,246), 
and although Homer Smith( 239) has pointed out that there is no 
acceptable evidence to .suggest that it does occur, there is, 
using the same argument, even less acceptable evidence to suggest 
that it does not occur. Handley et al.(l07,.l53,lSS) have 
interpreted the relationship that exists between glucose or 
PAR transport and glomerular filtration rate as indicating the 
existence of glomerular intermittence. It is, to me, strange 
that no one has doubted ·the fact that changes in glomeru.lar 
filtration rate may occur yet there is so little certainty 
regarding the nature of the mechanism operating to bring about 
these changes .. The techniques of Lamport(l5S,l59,l60) are too 
empirical to be acceptable as methods for measuring the intricate 
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haemod7D8,Dlioa of efferent and afferent arteriolar resistance 
or the part that such factors may play in regulating the rate 
of glomerular filtration. 
If one does not allow the supposition that real changes 
in glomerular filtration rate may occur during a short experimental 
period then the relationship that does exist between Tp and 
glomerular filtration rate is artefa.otual. My e·xperienee with 
experiments of this nature has taught me that it is only rarely 
that one can feel confident that the urinary minute volume has 
been accurately measured even with the aid of catheters, bladder 
washouts and supra.pubic compression. An impasse has been 
reached for which I see no solution. 
In my opinion, glomerular intermi ttenoe doe.a oc-eur in 
man and the mean threshold level is independent of changes in 
glomerular filtration. rate. 
5. The regression coefficients for the different plots are seen 
to deTiate in practically a.11 subjects from the expected values. 
As good correlation was only obtained in all cases when the 
UVp . 
regression of GFR on Pp was plotted, the deviation of this 
coefficient from the expected value of unity will.be discussed 
without reference to the other graphs. 
In Table 14 the regression coefficients for ~ri on Pp 
are given for each subject with the level of probability at 
which the hypothesis that ea.ch regression coefficient iseiual 
to unity can be rejected . 
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TABLE 14 
EXPERIMENT REGRESSION COEFFICIENT 
SUBJECT NO. FOR UVp upon Pp P• 
GFR (a) 
T.le R. I 0 . 99 Accepted · 
V.M.G. II 0 . 94 Accepted 
A.v.d .M. III 0.99 Accepted. 
.B.R.F. IV 0 . 91 0.002 (S) 
L.A.E. V 0.78 0 .01 (s) 
B.A. VI 0.73 0 . 01 (s) 
-
L.G. VII o .. a7 0 . 20 
C. E. VIII 0.63 .001 (s) 
A.O. IX 0. 97 0. 2 
< 
(S) G. M. X 0 . 90 O. OL5 
B.J .. :B. XI 0.94 0 . 02 (s) 
B.A.B. XII 0 . 86 0.015 (s) 
L.l!cX. XIII 0.54 .001 (s) 
•P • the level of probability at which the hypothesis that 
the observed value of a is equal to unity can be rejected . 
(s) denotes a significant level. 
The manner in which the level of probability was determined 
is described in Appendix B. 
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It will be seen that in eight experiments, a highly 
significant deTiation of the observed regression coefficient 
from unity was found. 
· The following explanations for this observation offer 
themselves. 
{a.) In one subject (C.E. Experiment VIII) a portion of the heel 
of the curve was included in the graph, the effect of which would 
be to alter the overall slope of the line. 
(b) The period of experimental study may have superimposed upon 
a period of normally increasing tubular activity. A diurnal 
variation in phosphate excretion unrelated to plasma level has 
been repeatedly described(75,i9s), but it is hardly likely that 
it would have increased so regularly in all the oases observed. 
(c) There may have been a progressiTe increase in renal delay 
time. I doubt if this was . the case as the rise in plasma phosphate 
concentration was approximately linear and a good diuresis was 
maintained throughout the experiment. 
(d) If, as suggested by Crawford ,p,t al.(49), the rate of tubular 
reabsorption of phosphate is accelerated by increasing the 
concentration in the glomerular filtrate, such a low value for 
the regression coefficient would have been expected. 
(e) A constant fraction of the plasma inorganic phosphorus may 
have been present in a non-filterable form. I attempted to test 
the validity of this explanation with in vitro ultra.filtration 
through a collodion membrane. I was, unfortunately, not 
sufficiently au fait with the techniques of ultra filtration to 
be able to produce conclusive results. 
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Of the two most likely explanations {o) and (d) I incline 
towards the latter,. and hope to develop in vitro and in vivo 
techniques to answer for my inclination. 
6. There is nothing in these experimental results to confirm 
the observation of others(lBl, 20) that prolonged infusion of 
phosphate will in itself exhaust the tubular mechanism for 
reabsorption with a fa.11 in Tmp. In none of these cases was 
supplementary potassium added for its alleged effect in correcting 
this "exhaustion11 • 
It is relevant to review at this stage certain aspects 
of two papers that have appeared recently on this subject . 
In a critical and excellent series of experiments with 
phosphate infusion in normals, Longson, Mills, Thomas and Ya.tes(
166 ) 
found results similar to mine in that in the experiments where the 
glomerular filtration rate remained constant a good plot was 
obtained whereas variations in the glomerular filtration rate 
(which they felt were real) caused a scattering of the points. 
They found a regression coefficient for Pp on Fp that was signifi-
cantly lower than unity in several cases, and attributed this to 
progressive increase in glomerular filtration rate over the 
course of the experimental period . 
Nassim, Sa.ville and Mulligan(l9l) using renal titrations 
to test the effect of stilboestrol on the Phosphate Tm, were 
obliged in 2 oases (Cases I and IV) to correct the urinary 
phosphate values for changes in the a.mount of creatinine appearing 
in the urine before they were able to obtain a linear plot . 
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The low figures they obtained for the glomerular filtration ra.te 
(as determined by the regression coefficient of UVp upon Pp) 
in cases 2, :5 and 4 of their Table I make me suspect that 
similar factors were operating in their cases to those that were 
operating in cases IV, V, VI, VIII, X, XI, XII and XIII of my 
series of experiments . 
7. In each case a negative value was obtained for the intercept 
on the ordinate indicating that tubular secretion of phosphate 
did not occur. To my mind, the Yalues of these intercepts even 
in the cases where the expect ed slope was found , are meaningless 
as accurate measurements of the Tm or the mean threshold l evel . 
I say this because I had no estimate of the duration of renal 
del.ay time in these oases, and, in all probability, the 
2t minutes allowed for this was insufficient. I am not prepared 
to accept the statement that renal delay time is not important 
when dealing with changing plasma levels, and I think a rough 
idea of the extent to which renal delay time can influence the 
value of the intercept oa.n be obtained from the values for 
~h in subject L.MoK. (Table 13 column 7) where there was a 
rapid rise in plasma phosphorus concentration . These values 
indicate the presence of a mean threshold level some 5o% higher 
than the resting inorganic phosphorus concentration . L. McK. it 
should be emphasised, is strappingly euparathyroidic . 
SUMMARY. 
(i) In a series of thirteen renal titra tion experiments on 
thirteen normal individuals, 8 oases were encountered where the 
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glomerular filtration rate remained constant during the experiment 
and in the remaining 5 cases it varied. This variation may have 
been apparent or real - I suspect it was real. 
(ii) In those eases where the glomerular filtration rate varied 
the highest degree of graphic correlation was obtained where 
gvJ and Pp were chosen as co-ordinates. This indicates that the 
threshold(~) is more constant than the absolute amount 
reabsorbed (Tm) which varies proportionally with changes in the 
glomerular filtration rate. 
(iii) The regression coeffie.ient for :;:i on Pp was found, in 
eight oases, to be significantly lower than the expected value 
of unity. This may have been due to any of several factors. 
It is suggested that the presence of a non-filterable moiety of 
the plasma inorganic phosphorus is the most likely explanation. 
(iv) The values for the intercepts a.re discussed, and it is 
concluded that their interpretation is vitiated by renal delay 
ti:me. 
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THE NORMAL RENAL THRESHOLD FOR PHOSPHORUS IN MAN. 
The inaccuracy introduced by renal delay time into 
techniques for measuring the renal threshold where changing 
plasma concentrations are used led me to develop this simpler 
techn1-qua . 
With the subject fast~ng, a priming dose of inulin and 
of phosphate solution is administered . This is done most 
conveniently by mixing 1% buffered phosphate solution and lo% 
inulin in the same vacolitre in amounts calculated to raise the 
extracellular fluid concentrations by 5 to 10 mg.% for phosphorus 
and 40 mg.% for inulin. This mixture is allowed to run in 
intravenously and as soon as it is empty the vacolitre is replaced 
by another containing a sustaining mixture of inulin, phosphat e 
and saline . The rate of £low of this mixture is kept constant at 
a speed calculated to maintain the desired level of phosphorus 
and inulin in the serum. A period of one hour is allowed for 
equilibration after which four urinary collections are made at 
20 minute intervals with mid-period blood samples . 
The first urine specimen is discarded . The remaining 
3 urine specimens and the 3 blood samples are analysed for 
phosphorus and inulin. From these estimations the value for 
Tp x lOO ean easily be calculated a.a Tp x lOO Pp - Up :z:Pin 
G.F.R. G.F.R. • Ui n 
where Pp • Plasma phosphorus concentra tion in mg.% 
Up• Urine phosphorus concentration in mg .% 
Uin • Urine inulin concentration in mg.% 
. Pin• Plasma inulin concentration in mg.% 
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It will be seen that the factor T (minute volume) .does 
not enter into the equation for calculating the threshold so 
that accurate bladder emptying and timing of periods is not of 
great importance. 
The maintenance o~ constant plasma concentrations of 
inulin and phosphorus is, however, of importance and can be 
assured by allowing at least one hour for equilibration to take 
place and by the use of the simple and inexpensive constant 
infusion apparatus described in Appendix B. 
I have found this method most satisfactory and present 
the results of the threshold value for 12 normal individuals 
determi.ned by this technique in Table 15. 
By virtue of the fact that constant plasma levels are 
used, this technique, l feel, gives a better estimate of the 
threshold leTel than does that of Anderson(l
2 ) whe.re renal delay 
time must be a most important source of error . 
Tp :x 100 
The use of the term G.F.R. to express renal tubular 
aoti vi t-y, as opposed to the Tm, affords a means of comparing results 
on patients of different sizes inasmuch as it refers the amount 
of phosphorus reabsorbed to a constant glomerular filtration rate 
of 100 ml./min. 
I'f then, the tubular reabsorptive capacity for phosphate 
is to be measured at all, let it, I suggest, be measured with 
constant plasma levels of inulin and phosphate and let it be 
expressed in terms of amount reabsorbed in mg./min. fre~ 
each 100 ml. of filtrate formed. 
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TABLE 15 
Name Ra.ce Sex Age 
!R._ 
GFR 
E. :B . D. E. M. 26 4.4 
L. F. E. It. 24 3 •. _a 
M. :A . B. F. ,o 4.6 
F.B. c. F. 2 5.7 
W. T. B. F. l i 6.2 
S. T. E. lt . 31 3.6 
s.s. E. ]( . 24 ,.s 
w.v.w. E. •• 30 3.1 
E.K. c. F. 18 4.4 
H.M. B. M. 25 4°.9 
• D. e . F. 59 ,.1 
G. P. c. •• 48 , .. o 
The Yalue . f 11?-1 given or GFR n each oase is the mean of t hr ee readings . 
In the two children in whom this measurement was ma.de i t can be 
seen that !E.... the GFR wa.s higher than in adults . 
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The technique I have described for estimation of the 
phosphorus threshold eould very easily be adapted for routine use. 
It does not inconvenience the patient unduly and the - cost in 
materials and time is not excessive. 
For all this, I doubt very much the value of this of 
any other similar technique as an investigational tool. My 
reasons for harbouring this doubt are these. 
In the first instance, we are, in measuring the phosphate 
threshold implicitly assuming that the human organism does not 
give a sufficiently accurate measure of this entity in the resting 
serum inorganic phosphorus concentration. I submit, humbly and 
perhaps unscientifically, that this is an impudent assumption. 
In the second instance the widespread use of such a 
measurement could easily lead to the bli.nd acceptance and 
stultifying entrenchment of the theories of renal function upon 
which it is based. I should accept a.a evidence of a low renal 
threshold the presence of a low serum phosphorus with a high urine 
phosphorus far more readily than evidence baaed on clearance 
analysis. Of all the methods employed to estimate the threshold 
level, that of Chambers et a.l .( 3e), where the effect of phosphate 
deprivation upon plasma and urinary phosphorus is noted, is 
physiologically the most acceptable. 
In many of the diseased states in which an estimate of 
the phosphorus threshold is required, the interpreta tion of the 
estimate obtained is complicated by co-existing renal disease . 
The best example of this is hyperparathyroidism. 
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Other indices of renal tubular activity for phosphate have been 
described and I shall discuss these briefly: -
(i) Clearance of Phosphate divided by the glomerular filtration rate 
(Cp/Cin or Cp/Ccr) 
(ii) The amount of phosphori-1s reabsorbed expressed as a percentage 
of the filtered load 
( T;e :x: 100) 
Pp x GFR 
(iii) The clearance of phosphorus . 
These three indices of renal tubular function all have the 
diaadv.antage that their values are affected by the plasma phosphorus 
concentration, irrespective of any change in renal tulJular ac t i vity . 
The ratio Cp/<an will approach unity as an asymptote as t he 
plasma phosphorus concentration rises; the second index will 
approach lOc,% as a.n asymptote and Cp will approach the glomerular 
filtrati on rate a.a an asymptote . 
As these indexes have all been devised to measure the renal 
threshold for phosphorus, I see no reason for using them when the 
r enal threshold ean be measured directly as ~iJi· 
Dowdle, Jackson and Hoffenberg(
63) critic ised the use of 
Cp/Cor by Nordin and Fra.ser(
196) and in reply to this criti ci sm 
Fra.ser(77 ) offered yet another index of renal tubular activity which 
Tirt ually "corrected" Cp/Cor for variations in plasma phosphorus 
concentration. 
As it is in the wards that measurements of renal tubular 
nativity find their application , I suggest that the familiar 
"threshold"is more acceptable for practical usage than indices 
involving complicated hyperbolic relationships. 
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SECT IO B It. 
The Renal Handling of Calcium. 
THE RENAL HANDLING OF CALCIUM. 
Despite the many syndromes in which abnormalities of 
urinary calcium excretion occur, knowledge regarding the mechanisms 
governing the renal excretion of this cation is fragmentary and 
inconclusive. Review articles dealing with the subject devote 
a paragraph or two to the physiology of calcium excretion and 
pages to such subjects as nephrooalcinosis and renal calculi. 
This lamentable lack .of physiological knowledge is due to the 
faet that contemporary renal research, modelled as it is upon the 
"filtration ... reabsorption" theory of renal function., requires to 
know with certainty the plasma concentra tion 0£ filterable 
calcium before it can give any opinions on "renal mechanisms". 
Although a variety of techniques have been devised t.o estimate 
the conce-ntration of this moiety in the plasma., workers have. 
I suspect, been loath to accept these estimations as necessarily 
applicable to the glomerular membrane . Two papers of interest 
have appeared, however, and I shall discuss them in some detail. 
Wolf a.nd Ba11< 27a), experimenting with dogs, gave calcium 
solutions of known concentrations at known constant rates and 
observed the rate of excretion in the urine relative to the r a te 
of infusion of calcium. From their observations they were able 
to conclude that:-
i) There is no non-limiting or limiting isorrhoeic 
quantity for the renal excretion of calcium. 
ii) Owing to (i), infusion of calcium will build up a 
progressively increasing "load" or 11 positive balance" in the body 
without reaching a. state of equilibrium where the rate of infusion 
is equal t o the rate of exoretion of the cation . 
iii) There is, howeTer, a minimal isorrhoeic quanti t y 
for calcium, or "threshold of appearance". When this quantit y 
is exceeded, progressively increasing loads will be accompanied 
by an increase in the rate of excretion of calcium, but this 
r a te will never reach a level where it compensates adequately 
for t he positive load . 
Couched as it is in unfamiliar terms and concepts, the 
reasoning of the authors is not easy to understand or to follow. 
I think the conclusions reached by these authors may be summarised 
by saying tha t the kidney is an inefficient organ in elimi nating 
excessive loads of calcium. By twisting this summary sli ghtly , 
and translating it into popular terms, it can be said tha t the 
kid.ney knows more about the ~onservation of calcium than i t 
knows about its exoretion. I hope to apply this conclusion to 
the interpretation of my own studies . 
The other paper, using a more orthodox approach to the 
subject, 1s by Chen and Neuman( 4o). These workers. using dogs, 
estimated the concentration of diffusible plasma calcium by 
ultrafiltration through a cellophane membrane . They assumed 
tha t the concentration so obtained was the same as that in the 
glomerular :filtrate, and, by measurement of the crea.tinine 
clearance and the r a te of excretion of calcium in the urine were 
able to calculate the rate of tubular raa.bsorption of calcium. 
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From their results a t normal and elevated calcium levels, and 
from the effects of citrate and versenate administra tion, they 
concluded tha t the diffusible calcium existed in two forms -
ionised and non ... ioniaed. Both were filtered through the 
glomerular membrane 1 the former was quantitatively reabsorbed by 
the tubules and the latter was rejected for excretion in the urine. 
In a second paper following immediately upon this, the same 
authors (4i) were able to demonstrate inhibition of the calcium 
reabsorptive mechanisms of the tubules by phlorizin, dinitrophenol, 
sodium azide and the simultaneous reabsorption of strontium. 
Diamox was found t-0 have no effect on tubular reabsorption. 
These authors record that single injections of calcium caused 
prolonged elevation of t he serum calcium concentration and that 
even at these high levels 98% of the filtered calcium was 
reabsorbed - an observation that would support the contention of 
Wolf and Ball regarding the excretory "inefficiency" of the kidney 
with regard to calcium. 
The acceptance of these results requires only the accep-
tance of the t wo assumptions made, namely that the in vitro 
estimate of the diffusible calcium is an accurate estimate of 
the concentration of calcium in the glomerular filtrate, and 
that the kidney handles ca lcium by a process of filtra.ticin and 
reabsorption. Allowing these two assumptions it is immediately 
apparent tha t no true Tm for Calcium exists, but tha t increasing 
amounts of calcium are absorbed as. the concentration in the 
glomerular filtrate is increased. 
87 
Without having read either of these papers,and without 
having given much thought to the problems involved, I 'became 
interested in studying the renal mechanisms governing calcium 
excretion in man, and thought that the techniques of clearance 
analysis used by Hardwicke and Squire(lo
9) to study the relation-
ship between serum protein concentration and urinary excretion 
of protein. in the nephrotic syndrome could be admirably adapted 
to serve this interest~ 
By"'titrating''the kidney with calcium in a manner similar 
to that used in the phosphate experiments, I imagined that the 
relationship between plasma calcium concentr~tion and r ate of 
excretion of calcium in the urine should give an estimate both 
of the extent to which the plasma calcium is available for 
glomarular filtration and of the rate of reabsorption of calcium 
by the tubules according to the following mathematical formulation. 
Let Pea denote total plasma calcium in mg.% 
Let P" denote the concentration of calcium in a 
Ca diffusible form. 
Let uv0 denote the rate of e
xcretion of calcium in the 
a urine in mg./min. 
denote the rate o'f tubular reabsorption of 
calcium in mg. /min. 
Let TCa 
Let G.F.R. denote the glomerular filtration rate in ml . /min. 
Then:-
G.F.R. JC pu Ca 
100 
Thia equation 
UVCa x 100 
&.F.R. -











Now, for the time being, the acceptance o:f three hypotheses is 
required. These hypotheses are:-
i) That the amount o:f calcium in the pl sma in a diffusible 
form is a constant proportion of the total plasma calcium at all 
levels of the latter. ~his has been suggested by the in vitro 
work of Howard et a.1 .<129 •171 •132,i;,) and is apparent from the 
figures of Chen and Neuman(4c) . 
ii) That the amount of calcium reabsorbed by the tubules 
fron every 100 ml. of glomerular filtrate remains constant. 
iii) That the calcium that is infused during the course of 
an experiment is incorporated naturally and rapidly into the 
diffusible and non-diffusible compartments of t he plasma calcium. 
If the f~rst hypothesis is allowed , Pea • Pea x k where k 1s a 
constant denoting tha t fraction of the plasma calcium in a 
diffusible form. 
Substituting in Equation (2) we have:-
UVCa X 100 • pCa X k 
G.F.R. 
T~a X 100 ( ) " . . . . . . . . . . . . . . . ' 
G~F.R. 
Accepting hypothesis (ii), it can be seen that this is a linear 
UV x 100 
equation,. and that the regression coefficient of Ca on Pea 
G.F.R. 
would give, when Pea is made to change by intravenous infusion, 
an estimate of the filterability of the plasma calcium and the 
negative intercept upon t he ordinate would give an estimate of 
the amount of calcium reabsorbed from each 100 ml. of filtrate. 
The linearity of the plot would test the hypothesis that 
a. constant fraction of the serum calcium is in a diffusible form 
at all plasma levels. The degree of correlation tha t 
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exist• between the variables would test the hypothesis that the 
negative value ot the intercept does not vary in a haphazard manner . 
Raving conceived the t echnique in theory, I applied it to · 
six normal volunteers (Experiments XIV - XIX inclusive) in the 
following manner . The subjects were all fasting at the time of 
the experiments which were conducted with the patients lying supine . 
Calcium gluconate was infused at progressively increasing speeds 
(by the method described in Appendix B) over a period of 3 hours . 
During this time frequent urine collections were made and samples 
of blood were withdrawn 2} minutes before the midpoint of each 
urine collection period. These were centrifuged immediately and 
estimated for calcium concentration by the E.D.T.A. method . This 
method allowed a rapid estimation to be done so that a close check 
could be kept on the plasma calcium concentration . The glomerular 
filtration rate was measured with inulin. 
In addition to the data from these experiments, I w1s able 
to collect satisfactory data. from 3 experiments done 18 mont hs 
previously. In these experiments (XX - XXII inclusive) calcium 
was infused at a constant rate over a. short period of time and 
periods were ·selected from those where the calcium concentration 
was fall i ng. Details of these experiments are presented in 
Appendix A. 
Results . 
The results are presented in Tables 16 to 24 inclusive, 
and in Figs. 21 t o 29 inclusive . 
Beneath each Table appears a value for four symbols . 
These are the four stat istics used for each case in analysing 
the resul t s . 90 
In each case x denotes Pea in mg.% and y denotes 
UVoa x 100 
G. F.R. 
Sxx - IJx2 _@# D 
Syy - lJy2 _(lil) 2 n 
Sxy - EXT ~x.~ 
n 
n - number of observa tions. 
a - regression coefficient . 
The elope of the line is given by Sxy/Sxx. 
In the legend to each figure the 95% confidence interval 
of the regression .coefficient is given as calculated from a pooled 
estimate of the error variance. 
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EXPERIMENT No . XIV Subjects D.M. 
Table No: 16 
Peri od Pea UVca G.F . R. UVca x 100 
mg.% mg.7min. ml .7min. G.F .R. 
l 10 . 4a 0 . 07 124 . 4 0.06 
2 10 . 84 0 . 25 153 . 3 0.16 
:, 11 . 52 0 . 54 132 . 0 0 . 41 
4 11 . 92 0 . 58 1:,a . o 0 . 42 
5 12 . :,2 0 . 78 151. 5 0 . 51 
6 13.04 
3E 149 . 2 • 
• Specimen insufficient for calcium determination due to 
partial loss after measurement of volume. 
Sxx • 2 . 2899 
Syy • 0 . 1471 
Sxy • 0.1405 
a - 0 . 24a 
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D.M. 






10 11 12 13 
for s bject D •• ( t.XIV) 
v n in le 16. 
95 contidence interv 1 ot h reKr,~aaion co tticient 
a• 0. 24a 1 fro 0. 063 to 0.433. 
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EXPERIMENT No. XV Subject: E.P. 
Table No: 17 
Period Pea uvca G.F.R. UVca x 100 
mg.% mg.7min. ml.7min. 
l 11.20 0.14 103.3 
2 11.20 0.19 112.2 
3 11.05 0.36 101.9 
4 12.00 o.66 123.8 
5 13.28 0.95 1oa.5 
6 14.95 1.28 111.5 
7 17.60 1.98 125.8 
8 18.40 2.18 109.a 
9 17.45 2.26 127.5 
Sxx - 73.8840 
Syy - 3.9842 
Sxy - 16.9394 
a - 0.229 
The high value for Sxx is due to the high levels of 
plasma calcium that were achieved and to the 
preponderance of points at the extremes of the plot. 
The effect of this large value for Sxx is to narrow 
the confidence interval of the regression coefficient 
and so increase the certainty with •hich the true 
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le 17. 
ra~ll'l'"A1an1 c t ici t 
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EXPERIMENT No. XVI Subject& S.A. 
Table Noa 18 
Period Pea UVca G.F.R. UVc_a x 100 mg.% mg.7m1n. ml .7min. G.F.R. 
1 9.44 0 . 01 10:,.9 0 . 07 
2 9.20 0 . 09 125.0 0 . 07 
3 9.a4 0 .16 112.8 0 .14 
4 9.a4 0.29 119.1 0 .24 
5 10.88 0 .43 117.1 0 .37 
6 11.60 0 .70 112.9 0 .62 
7 12.00 0 .71 116.:, 0 .61 
8 12.ao 0 . 90 107.a o.a:, 
9 1:,.70 0.95 114.4 o . a:, 
Sxx - 20.2592 
Syy ·• 0.7706 
Sxy - 3. a706 
a - 0 .191 
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S.A. 
·8 y = 0 ·19.r -J-6j • 
UVc0 xlOO 
G.fR. ·1 
08 10 11 12 13 
Pea mg% 
a ion lin tor ubj ct .A.( ri n I) 
tr d t ve 1 Table 18. 
95 co idenc 1 t rYal o t ssio c efficient 
a• 0.191 i fro 0.129 to 0.25, 
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EXPERIMENT Hos XVII 
Period Pea 
mg.% 
l 10. 72 
2 11 . 20 
3 11.76 
4 12.48 
5 13 . 04 
6 13.52 
Table Nos 19 
UVca 
mg. /min. 
0 . 05 
0 . 14 
0 . 26 
0. 37 
0 . 28 
0. 54 
Sxx • 5. 8720 
Syy • 0.2446 
S*7 = 0.7856 
a • 0. 134 
Subjecta S.L. 
G.F.R. UVca x 100 
ml . /min. G.F.R. 
115 . s 0.04 
104. 2 0 . 13 
111 . 3 0. 23 
112.3 0. 33 
107.a 0 . 26 
111.2 0. 49 
The Yalue for UVea for period 5 is probably too low owing 
to technical error in estimation. Unfortunately the specimen 
was discarded before a repeat analysis could be done. 
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0·5 S.L. • 












EX?ERIMENT No. XVIII Subject: W.G. 
Table Not 20 
Period Pea uvc.a G.F. R. UVca x 100 
mg.% mg.7min. ml .7min. G.F . R. 
1 10.88 117.3 .. 
2 11.04 0.001 107.1 0.01 
5 11 . 92 0 . 270 109.7 0 . 25 
4 12.64 0.380 119 .6 0 .32 
5 13.76 1.200 126.5 0 . 95 
6 14.48 0. 900 102.2 0 . 88 
Sxx - 10.6064 
Syy - 0. 0739 
Sxy • 2.9371 
a - 0. 277 













EXPERIMENT Nos XIX 
Period Pea 
mg.% 
1 10. 56 
2 10. 88 
:, 11 . 52 
4 12 . 00 
5 12.64 
6 13. 36 
Table Nos 21 
UVca -
mg.7min. 
0 . 06 
0 . 01 
0 . 18 
0 . 46 
o. a1-
1.34 
Sn • 5.6373 
Syy • 1.1646 
Sxy • 2 . 492s 
a • 0 . 4422 
Subjects F.S. 
G.F.R. UVoa x 100 
ml.7min. G. F.R. 
76.5 o.os 
90 . 6 0 . 08 
95.0 0 . 19 
91 . 6 · 0.50 
95 . 2 0 . 91 
107 . e 1 . 24 
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1·2 F.5. 











0~ 10 11 12 13 
Pea mg% 
ig .. 26 
ho• r ion lin for ubj t F •• ( nt XIX} 
o lcul t fr d t nt di T bl 21. 
95 contid no intert< l for r ion c ffici nt 
• 0 .442 1 from 0.,24 to 0.560. 
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EXPERIMENT Nos XX Subject : H.A. 
Table No: 22 
Period Pea UVca G.F.R. UVoa x 100 
mg.% mg.7m1n. ml .7min. G.F. R. 
6 19.7 l . 84 99 .3 1.85 
7 18.6 1.41 a4 . 4 1.66 
8 17.6 1.23 92 .5 1.,, 
9 16.6 0 . 82 104.6 0.79 
10 16.0 0. 49 95 . a 0 .51 
11 16.2 0.53 75.9 0.69 
The data presented in this and the following t wo Tables were 
extracted from earlier experiments designed to study the 
metabolic effects .of intravenous calcium. The parameters 
were estimated with a falling plasma calcium concentration. 
Sxx • 10.79 
Syy - 1.5325 
Sxy .. 3.99ao 
a - 0.371 
Despite the low value for n there is a reasonably high value 
for Sxx in this experiment owing to the preponderance of the 
points at the extremes of the plot. This has produced a 
fairly narrow confidence interval . 
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eriment XX) 
n 1 ti nd the follo in t•o fi r a 
correl tion with t lli blood l T 1 ia not 
it 1 1 co troll d ri in blo 1 v l. 
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Sn: • 12.15 
Syy • 1.0792 
Sxy • 3.314 
a • 0.272a 
Subject: A.A. 
G. F. R. UVca x 100 
ml.7min . G. F. R. 
a1 . 5 1.56 
83 . 8 0. 62 
79.5 0.78 
7a.4 0.62 
79.4 0. 40 
99 .3 0. 22 
Here the fairly high value for Sxx is attributable to the wide 



























1 . 14 
1 . 05 
0 . 82 
0. 63 
0. 35 
Sxx • 6 . 95 
Syy • 0. 4253 
Sxy • 1.352 
a • 0 .195 
Subject: s .:M. 
G. F. R. UVca x 100 
ml .7min. G.F .R. 
127.6 0 .79 
101.0 1.13 
111.6 0.94 
109.4 0 .75 
128.l 0. 49 








15 16 17 18 19 20 
g. 29 
howing r gras ion line for bject S •• (Experi ent XXII) 
caloulat d tro dat pree ted in Table 24. 
95' oo fid o interv l for r io co t£io1 nt 
a• 0.195 i fro 0.089 to 0.301. 
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UVca x 100 
In this manner , 9 regression coefficient s for G. F. R. 
on Pea were obt a i ned with 9 values for the negative intercept 
upon the ordinate . According to the theory upon which this 
technique was formulated, these parameters should be, equal in 
each case to the proportion of the serum calcium in a filterable 
form and the a.mount of calcium reabsorbed from each 100 ml ! of 
glomerular filtrate, respectively • . 
I shall discuss the technique and the values obtained by 
answering the questions that occurred to me when I came to 
interpreting the results . Before doi ng so, however, I would like 
to explain, but not to apologise for, the liberal use of statistics 
in this section. 
The tachniques for estimating calcium, unlike those for 
estimating inorganic phosphorus, are lengthy and tedious - both 
factors which have a pronounced effect on their accuracy . This 
fact has introduced an element of uncert ainty into the results 
that was aegliaible wi th the phosphate experiments but is 
appreciable here . I have used statistics to measure the degree 
of certainty with which my conclusions may be drawn . 
The questions that arose were these -
1 . How accurate is the technique fo~ individual patients , and 
what measures can be t aken to improve the accuracy ? 
As an indication of the inaccuracy of the technique I have 
given the 95% confidence i nterval for each regression coefficient, 
arguing that the wider the interval the more inaccurate i s the 
method . 
It will be seen that the correlation , and hence the 
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certainty with which the regression coefficient can be estimated, 
is increased when the technique employs rising blood calcium 
concentrations . 
The wider the range of calcium concentration achieved, 
and the further these values are from their total mean value, 
the greater the degree o.f certainty with which the slope can be 
measured . This can be seen from the narrow confidence interval 
obtained when the variance of Pea. was large . In practice, 
therefore, this should mean that one should aim for as high a 
serum calcium concentration as is possible and not harmful, and 
that the urinary collection periods should be shorter and more 
frequent at the lower and higher concentrations. 
UVca Using~ as the ordinate does, to a large extent, 
eliminate incomplete bladder emptying as a source of error by 
referring the rate of excretion of calcium to a. constant glomerular 
filtration rate. 
2 . Was the rise in serum calcium concentration linear or not ? 
This is an important question , a.s upon its answer depends 
the extent to which the results of analyses performed on the 
mid-period blood samples can be considered representative· of t he 
average plasma concentration during the urinary collection periods . 
I have not used statistics to provide this answer . 
Examination of the line drawn for Pea against time in Figs 30 - 35 
inclusive indicates that this question can reasonably be answered 
in the affirmative . 
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2a. Is the performance of the test in any way harmful to the patient? 
In no case where the plasma calcium concentra tion was kept 
below 15 mg .% were any unpleasant symptoms experienced . Concentrations 
in excess of this figure usually caused symptoms of nausea. 
E.C . G. changes were not looked for, but there were no changes in 
blood pressure or pulse rate to suggest significant effect on 
cardiac function. Muscular power, as judged by hand grip and ability 
to dorsiflex the foot against resistance , was unaffected. Dr . Jackson, 
Staff Nurse Schoonraa.d and myself, were convinced, on clinical 
impression, that psychogenic symptoms were often markedly improved 
by the proeedure . 
Even in the cases where the plasma calcium concentration did 
rise to very high levels, I feel certain that no lasting or dangerous 
ill-effects resulted . 
3. Has the assumption tha t the diffusible fraction of the plasma 
calcium is a constant fraction of the total plasma calcium 
been substantiated? 
The good linearity of most of the plots has, I think, lent 
c onsiderable support to this assumption. From the results of 
Has tings and McL~an(l7l,l72 ) I would have expected the value for 
"k" to inereas as the plasma calcium concentration rose, with a 
resulting curvilinear plot for each case, and I am grateful to 
Dr. E. N. Keen of the Anatomy Department, for pointing out tha t a 
truly curvilinear relationship could be changed to apparent linearity 
by corresponding changes in the r ate of reabaorption of calcium by 
the tubules. To use a very flimsy line of reasoning, there was 
no evidence to suggest that this had occurred so I shall presume 
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that it did not. In any event the net result was a straight line 
in most cases with a oonst1tnt slope . 
4. Are the observed differences between the regression coefficients 
for ea.oh normal sub1ject significant or due to sampling _error ? 
This, to my mind, is a most important question that needs to 
be answered with certainty before an estimate of the "normal range" 
for these regression coefficients can be obtained. If the differences 
between patients is due solely to error in technique, the r&Jl8• 
becomes very ,ride and the test would lose any claim it may have to 
providing a parameter that will distingui h normal from abnormal . 
The most satisfactory way of answ ring this question is to 
test, by means of an analysis of covariance and F Test , the hypothesis 
that all of the values for a are equal. A table of covariance to 
test this hypothesis was accordingly drawn up and is presented as 
Table 25. The details of the procedure used for drawing up this 
Table are presented 1n Appendix B. 
D.t. Sums of Squares Mam Sum d Square 
Differences between individuai 
slopes • 1 
8 
Deviations within subjects from 
their own slopes, a1 41 
Total• Deviation within pa1d.enfB 
from average slope, a' 49 
0. 577a 
1.3663 
Fa.41 - 3.756. Significant at 1% level . 
0.07223 
0.01923 
Table 25. Analysis of covariance to test the hypothesis that 
a1 are 
equal. 
It is readily apparent from this Table that the hypothesis 
can be rejected with a very high degree of certainty. 
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It can be concluded that the differences between subjects 
are real and significant and that the technique is sufficiently 
accurate to be able to provide a parameter for distinguishing 
indivicuals. 
5. Raving decided that_ the parameter is reliable I what is the 
normal range for the regression coefficient? 
The standard procedure used in medical statistics to define 
a ttnormal range" for any parameter such as height, weight, or blood-
pressure is to take numerous observationa of that parameter from 
subjects judged by other criteria to be normal . The hypothesis that 
the values so obtained are distributed normally about .some average 
value is tested. If this hypothesis is found to be acceptable , the 
standard deviation of the sample is used to compute a confidence 
interval for the entire population. 
I am, in this instance, unable to follow this procedure 
because firstly I have insufficient data, se-0ondly I have no 
authority for the assumption tha t the estimated regression coefficients 
are distributed normally in a large population, and thirdly I have no 
reasonably certain estimate of the true average slope . 
All that I am able to do, therefore, is to say that 
(1) I found the average slope in those 9 subjects to be 0 . 244. 
(ii) In all cases., with the exception of F.S., I am fairly certain 
that the true value for the regression coefficient was below 0 .5 . 
7. What proportion of the plasma calcium is generally accepted 
as being in a diffusible form ? -
By far the major portion of the work that has been done on 
this problem has employed the principle of ultra.filtration under 
positive or negative pressure of serum through oollodion or cellophane 
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membranes. The techniques employing this principle vary in 
the extent to which refinements are added, the most commonly used 
being that of Lavietes(161). Grollman( 94) has reviewed the techniques 
of ultrafiltration and their interpretation and concluded that the 
results could be affected by changes in pH, pore size and amount of 
pressure employed. 
Using this method different workers have obtained different 
results(51,24,131,40,l33 , 129,132,195,194) . As Chen and Neum~(40) 
have indicated, these discrepancies may be due to differences in 
analytical methods. As an average figure one can take it that some 
50-6o% of the serum calcium is filterable by this technique. 
Compensation dialysis through artificial membranes has yielded 
similar results to the above whether applied in vitro as by Rona and 
Ta.ka.haa1< 221 ) or in vivo as by Greene and Power(B9, 2l3) . 
Inferences regarding the partitioning of plasma calcium have 
been crawn from its concentration in cerebro- spinal fluid(l03) and 
in collections .of oedema. fluid and other transudates. Observations 
on the latter by Salvesen and Linder( 224) indicate that the concen-
tration of calcium in these fluids is approximately 55% of that in 
the plasma, rising to 75% as the pro~ein content of the fluid increases. 
The physico- chemical form in which the diffusible fraction 
exists is also a matter of some dispute. Some of the earliest work 
on the subject was done by Brinkman and van Dam< 29 ) who with a 
t urbidimetrio technique using oxalate solution on an ultra.filtrate 
of plasma concluded that this contained some 17 - 25% of calcium in 
an ionised form. Neuhaueen and Ma.rshall,(i93) measuring calcium ion 
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concentration in human plasma with a. calcium amalgam electrode found 
that 15 - 25% of the plasma calcium was in an ionised form. As they 
point out themselves, however, this technique suffers from the 
disadYantage that the calcium amalgam forms an unstable electrode 
in solutions containing other cations. 
Benjamin and Hesa( 23, 24) were able to distinguish two fractions in 
an ultra.filtrate 0£ plasma on the grounds of a.dsorbability by barium 
sulphate. As they found that barium sulphate did not absorb ionised 
calcium in pure solution they concluded that there we,re t wo distinct 
moieties in the ultra.filtrate, an ionised and a non-ionised. The 
latter could also be adsorbed by epiphyseal cartilage. They concluded 
that some 50% of the total plasma calcium was in a diff•sible form, 
and this was equally divided into ionised and non-ionised fractions. 
McLean and Hastings(l7l,l12 ) from their classical studies 
with a frog heart preparation concluded that 50% of the plasma calcium 
existed in an ionised form. They extended their studies to show 
that the extent to which calcium was ionised depended upon the serum 
protein concentration so confirming the suggestion first made by 
Pribram( 2l 4) in 1871 and subsequently supported by others( 224,l64, 
221,17:,) 
• 
Ignoring for the moment phyeico-chemical issues involved, 
this brief review can be summarised by saying that 5~~ is, if anything, 
a slightly conservative estimate of the proportion ·Of ultrafilterable 
calcium in the plasma.. 
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a. How do the values obtained for the 9 normal subjects in this 
series compare with the generally accepted value for the 
proportion of calcium in a filterable form? 
Taking 0 .5 as the generally accepted value, and the 
regression coefficient for each patient, a1 , as the estima
ted 
value, I felt that the best way of answering this question would be 
to test by means of Students ' t, the hypothesis that a1 was equal 
to 0 .5. The results are given in Table 26. 
Table 26. 
Subject Experiment No. Regression Coefficient (ai) p• 
D.M. XIV 0 .248 0 . 01 
E.P. xv 0.229 0.001 
S.A. XVI 0 .191 0.001 
S. L. XVII 0 .134 0.001 
W. G. XVIII 0.277 0.001 
F.S. XIX 0.442 0.25 
H.A. xx 0 .371 0.01 
A.A.. XXI 0 .279 0 . 001 
S.K. XXII 0 .195 0 . 001 
Pin each case refers to the level of probability at which t he 
hypothesis that ai • 0 .5 can be rejected. This level of 
probability was calculated from the pooled error variance. 
It is apparent from '!'able 26 therefore, tha t it can be said 
with a very high degree of certainty that, with the exception of 
subject F.S. my estimate of the diffusible calcium concentration 
ia lower than tha t generally accepted . 
117 
9. How can this disorepancz best be explained? 
I can think of three possible explanations. 
(1) The first, which I mention only to dismiss , is that the 
whole army is out of step with the exception of myself. 
(ii) The second is that the tubules selectively reabsorb 
only the ionised fraction of the calcium in the glomerula.r fi
ltrate 
and reject the remainder which is in a diffusible but non~ion
ic form. 
If this were the case the regression coefficient would estima
te only 
the non-ionised 4iffusible calcium concentration. Thie expla
nation 
has the support of the experimental results of Chen and Neu:m
a.n(4o) 
who observed a rise in urine calcium after intraTenous admin
istration 
o'f sodium. citrate. In addition, my regression coefficients a
gree 
fairly well with the estimated concentration of the non-ionis
ed 
diffusible calcium of Benjamin and Hess{
23,24). 
{iii) The third explanation, and the one which I favour, is 
that the slope of the regression line has been diminished in 
ea.ch 
case by the fact that the tubules reabsorb calcium at a great
er r ate 
as the filtered load is increased by elevation of the plasma 
calcium 
concentr14,tion. The eff.ect of increased tubular ac tivity on t
he slope 
of the line was discussed in connection with the phosphate 
experiments and is diagrammatically shown in Fig. 6. The following 
facts, I think, lend indirect support to this explanation. 
{a.) The observations of Wolf and Ball, and Chen and Neuman 
quoted earlier regarding the "inefficiencyn of the kidney as 
an 
excretory organ with regard to calcium. Clearly, if the tubu
les 
reabsorbed a fixed amount of calcium and rejected any excess 
the 
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kidneys would excrete a load far more rapidly than they would if the 
rate of conserYation of calcium by tubular reabsorption increased 
with the filtered load. 
(b) Most substances for which a "Tm" exists are handled 
principally by the proximal tubules. In the oase of calcium where 
reabsorption, as I enYisage it, is more of a "faoultative" process 
one would expect th.e brunt of the responsibility for conservation to 
fall upon the distal tubules . That this is in £act the case is 
suggested by the fact that calcium "competes 0 with sodium for 
tubular reabsorption and by the micro dissection studies of Darma.dy 
and StTanack(54) which showed that metastatic calci:f'ioa.tion in a 
case of nephrocaleinosis was maximal in the distal tubules. 
I hope totest the validity of this explanation by a series 
of experiments using clearance analysis and renal vein catheterisation. 
I have not, however, at the time of writing, marshalled my ideas into 
any decisive plan of action and am regretfully compelled to leave 
this important question unanswered for the moment. 
10 . as there any correlation between the estimate of diffusibility 
and the serum protein concentration in these cases? 
Total and fractional serum protein estimations were done on 
the first six patients, and no inverse correlation, as would be 
expected, could be found. 
11. What is the significance of the values obtained for the 
negative intercepts on the ordinates? 
The negative value of the intercept for each subJedt ts, 
by virtue of the fa.ct tha t it is dependent on the slope and is 
affected by renal delay time, meaningless . 
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Summarz. 
An experimental procedure is described that was devised 
to give an estimate of the proportion of the plasma calcium that 
is diffusible and of the rate of tubular reabsorption of calcium. 
When this pro~edure was used in a aeries of normal subjects, an 
estimate of the !ilterability of the plasma calcium was obtained 
that was below the generally accepted figure. 
To explain this discrepancy I have suggested that the rate 
of tubular reabsorption of calcium is accelerated by increasing 
the concentration of calcium in the glomerular filtrate. 
Statistical analysis of the data from these experiments 
indicates that the technique provides a parameter that will 
distinguish 
coefficient. 
individuals. This parameter 
for UVoa x 100 on Pea. 
G.F.R. 
is the regression 
The value for this parameter is normally below 0.5. 
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SECT IO B III. 
The Metabolic Effects of IntraTenoua 
Caloiua Infusion. 
The Effect ot Calcium Intuaion on Urine 
SodiUDJ and Potassium Excretion. 
The aequeme ~ metabolic events taking p1ace after or during 
the intravenous intwdon ot caloium sal.ts has been studied tor a 
variety ot reasons. The earlier studies ot Sa1vesen(
22.J) ·-,re. designed 
to eluoida.te the diuntic action ot oal.cium S8l ts. SBhiJ J 1ng and 
Laazlo(228) used the retention ot caloium f'olloril:lg intraTenoua admlni-
atration a.a an im.ex or bone metabolism. and others have used the 
procedllre to study parathyroid tunation. It is w:l th the i-esul ts and. 
conol.usions ot this third group r4 investigators that this section ia 
concerned. 
!he first effect of artificial elevation of the pl.aama oal.aS.\mt 
concentration is a rise in plasma inorganio phosphorus concentration. 
Thia was obsened tint by Salvesen et al. in 1927(
223) and has been 
repeatedlJr conti.rlned since by man;y other worlrera. (l32,84..l9',l;6,1'0) 
Although Salvesen was the first to draw attention to the phenomenon, 
it is evident from the data giTen by Brull and. Eioholz in tho appendix 
to a paper publtahed 1n 192.5(34.) . !his rise, it ia generally agreed, 
is not the result ot traneien"t parathyroid suppression with resulting 
inorease in the rate ~ tubular reabsorption ot phoephate' tor the 
tol.lowing reasona. F.lrstly, the rise is too rapid to be explained in 
this we;y; aeoondl..y. the extent ot the rise would neceaait&te: a tubular 
contribution to extr•1llul.ar phosphate tar in exceas ot that ectual.l.y 
made by Ulm"'eased. reabsorption; and, thirdly, the rise a also 
obsened in h3Po.Para~id pai:ienta. the irorease in inorganic 
phosphate is. therefore considered to be due to a non-specitto transter 
ot phosphorus from the intra- to the extra · •e.1 lw.ar fluid. oonpartmmta. 
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Chen( 4o), by doing simultaneous estimations on red cell and serum 
phosphorus, was able to conclude that the rise in serum inorganic 
phosphorus was accompanied by fall in the concentration of organic 
ester phosphate in the cells, and so lent support to this 
explanation. Chambers et al.(3S) have defined the "normal" 
rise that can be expected after a standard dose of calcium, and 
have interpreted the "subnormal" rise in patients ~1th hyperpara-
thyroidism as evidence of depleted intracellular phosphate stores . 
The second effect that has been studied extensively has 
been that on the rate of excretion of phosphorus in the urine . 
With few exceptions most authors have reported a fall in urine 
phosphate, which, in conjunction with the rise in serum phosphate, 
has been taken to indicate an increased r4t e of phosphate 
reabsorpti on by the tubules owing, in turn, to para.thyroid 
suppression. 
Howard et al. (l3
2), observed a fall in normal patien,ts, a rise in 
patients with hypoparathyroidism and no change in patients 
with hyperparat~yroidism. 
Nordin and Fraser(l9
6 ) found a similar effect, and added the 
observation that a greater phosphate diuresis could be 
produced by parathormone when given after a calcium infusion 
than when given normally . 
Kyle , Schaaf and Erdman(l5
6) found that calcium infusion "usually" 
caused an immediate fall in the rate of excretion of 
phosphate in the urine that was more apparent when the 
total 24 hour specimen was considered . 
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It is interesting to note in Figs . l.A • . and } of this paper 
that there was a marked rise in the rate of excretion of 
phosphorus following ~he infusion . 
Milne(ia,) has published a paper recording his observations on ~he 
mode of action of parathormone, and it is apparent from 
Fig.} of that paper that Calcium injection caused a ,;ise 
in the rate of appearance of phosphorus in the urine, 
Baylor et a1.<
22 ), in a long term experiment in which intra.venous 
calcium was administered as a daily supplement to oral 
calcium, noted a fall in urine phosphorus as a result of this. 
Brull and Eicholz(34) gave details ot experiments with intravenous 
calcium chloride experiments in dogs in an appendix to a 
paper published in 1925. It is apparent from these data 
that sma.ll doses of CaC12 caused a rise in
 phosphate 
secretion whereas large doses caused a. fall. 
Levitt et al.(163) noted a rise in urine phosphorus with calcium 
infusion tha t reached a maximum one hour after the infusion 
had been discontinued. 
As I was unable to find any record in the 11 tera ture o.f an 
investigation into the effects of calcium infusion on the renal 
handling of phosphate using inulin clearances as a measure of the 
glomerular filtration :t;ate, I embarked on a series of experiments 
on normal subjects using this method. 
The results of these experiments are recorded in Tables 27 
to 37 inclusive and are graphically shown in Figs. 30 to 40 inclusive. 
123 
In the first 6 cases calcium was infused at a progressively 
increasing rate throughout the experiment . In the last 5 cases 
it was infused over a short period .of time after a control period 
had elapsed. In these la.st :five cases estimations were continued 
for up to eight hours after the infusion had ended. The diagrams 
and tables are self-explanatory, although I should explain my 
UVp X 100 Tp X 100 
choice of G. F.R. and G. F.R. to indicate the rate of excretion 
of phosphorus in the urine and the. re.t,e of tubular reabsorption 
of phosphorus respectively. My main reason for this choice was 
to correct these ..-aluea for changes in glomerular filtration rate 
that may have been due to incomplete bladder emptying. If 
absolute values a.re preferred they may be found in the tables. 
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Results and discussion. 
The following effects of intravenous calcium administra tion 
on phosphorus metabolism are readily apparent from these experiments . 
i) There was a ·marked and sustained rise in serum inorganic 
phosphorus concentration in each case . This I suspect, was due 
to a shift of intracellular phosphorus into the extracellular fluid . 
I have attempted to measure the total phosphorus content of the 
blood by the method descri.bed in Appendix Bin the hope that I 
would be able to demonstrate a change which would indicate the 
source of the increase in serum inorganic phosphorus. 
Unfortunately the technique has not proved sufficiently accurate 
in my hands to enable me to draw definite conclusions. 
To find out whether this effect was reproducible in vitro, 
I added to samples of my own blood and that of Dr . Jackson 
sufficient calcium gluconate solution to raise the calcium 
concentration well above the concentration encountered i n t he 
experiments described.. This blood was then incubated at 37 degrees C. 
for three hours and the phosphorus content compared with that of a 
control sample to which no calcium ha.d been added . 
The results were as follows a-
Serum inorganic phosphorus coneentrationa -
a) Immediately af'ter venesection 
b) After three hours incubation with 
0 . 2 al. o.~ NaCl solution 
c) A£ter three hours incubation with 
0:2 ml . Ca.loimn gluoonate solution 
W.P.U. J . E.B.D.D . 
2. 45 mg'/o 4. 26 md, 
2. 47 mgfo 4. 32 mgfo 
This, I think, indicates that the rise in serum inorganic phosphorus 
concentration that follows calcium infusion is an in vivo phenomenon, 
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ii) There was in each ease a rise in the oaleulated value for 
both the absolute amount of phosphorus reabsorbed per minute a.nd 
for the amount reabsorbed from each 100 ml . of filtrate formed. 
This may be due to the suppression of paratbyr,oid activity 
by the hypercalcaemia with resulting increase in the rate of tubular 
transport of phosphorus or to the formation of non•dif'fusible 
calcium phosphate complexes . I have attempted to settle this 
question by in vitro ultrafiltration of samples of the serum at 
different concentrations of calcium, but have found the technique 
unsatisfactory in my hands. I hope to devote more time to this 
problem. 
It could also be argued that this rise in the rate of 
tubular reabsorption of phosphate was due to the fact that at the 
low levels of plasma phosphate obt aining before the infusi.on the 
tubular reabsorptive mechanism was not saturated, and that t he 
Tm was only reached when the serum inorganic phosphorus rose high 
enough. That this was not the case, however, is indicated by the 
fact that the rate of tubular transport of phosphorus continued 
to increase after the infusion despite no further increase in 
plasma phosphate concentration. 
111) There occurred, in every case, a significant rise in the 
urinary output of phosphorus following calcium infusion. This was 
transient and maximal during and immediately after the infusion, 
subsiding slowly to pre- infusion levels. In no case was a fall 
encountered to below pre-infusion levels. but, had the period of 
observation been prolonged, this may have been observed. It ca.n be 
seen that the rise in serum phosphorus concentration was more 
prolonged than the rise in the rate of excretion of phosphorus . 14 8 
SUDA.RY. 
In eleven normal adults artificial elevation of th• 
olaama calcium concentration •as accompanied by the following 
events. 
(i) A rise in the plasma inorganic phosphorus concentration. 
This was thought to be due to a shift of phosphorus out of the 
cells into the extracellular fl~14. 
(11) A rise in the renal threshold for phosphorus. This may 
have been due to parath7roid suppression or to the formation of 
non-diffusible phosphorus complexes . 
(iii) A rise in the ~ate of excretion of phosphorus in the urine. 
149 
The effect of Calcium Infusion on Urine Sodium 
and Potassium Excretion. 
In six of the normal subjects just described, the 
urine specimens were analysed for sodium and potassium content 
and the rate of excretion of these t wo cations in the urine was 
calculated. The results for sodium are given in Table 38 and 
Fig. 41. As there was no significant effect on potassium 
excretion the figures are not given here. They can be found in 
Appendix A. It will be seen that a prompt diuresis of sodium 
followed almost immediately upon calcium infusion, the rate of 
excretion of sodium and of calcium correlating quite well. 
This observation confirms that of others who have 
( 22X 278 16X) 
noted a similar phenomenon ~, ' ~. 
In all subjects, accompanying this rise in sodium 
output, there was a simultaneous water diuresis. Unfortunately 
I have no figures for urine volumes as the urine specimens were 
made up to a volume convenient for subsequent analysis immediately 
after being passed. In addition the subjec.ts were encouraged to 
drink copiously during the experiment to minimise errors that 
may result from low minute volumes. 
The reason for this outpouring of sodium is obscure, 
as is the nature of the diuresis provoked . I doubt if sufficient 
calcium was filtered through the glomerular membrane to exercise 
any appreciable osmotic effect, and would prefer to regard the 
sodium lyuresis as ind1-cating a form of "competitionu forsodium 
transport through the distal tubular epithelium by divalent 
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In this figure the combined plots of six normal subjects 
are shown with the regression lines for each individual fitted . In 
each case the rate of excretion of sodium in the urine increased 
with that of Calcium. The six regression quations are given below 
with, in parentheses, the 95% confidence interval for each 
individual regression coefficient. 
L . B. y - o. 54x + 0.09 (0 . 28 - o.ao) 
S.L. y • 0. 86x + 0.16 (0 . 30 - 1.41) 
S.A. y - o. 49x - 0.17 ( - - 1.84) 
O.L. y • o.79x - 0.05 (0.67 - 0. 91) 
s . )4 . y - 1.51:x: - 0.21 (1.30 - 1.72) 
W.G. y • 0. 40x + 0. 21 (0.03 - 0. 76) 
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Wolf and Ba11< 21a) did not think the sodium lyuresis 
following calcium administration could be definitely ascribed 
to the calcium, as they were able to produce a similar phenomenon 
with glucose infusion . As I have had no experience with 
experimental work. on sodium homeostasis I am unable to criticise 
this opinion and prefer to leave the matter in abeyance. 
The question is of importance, however, in that an 
answer will help to elucidate the pathogenesis of the "diabetes 
insipidus- like 11 syndrome that is frequently found in patients 
with syndromes involving hypercalcuria. 
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SECT IO I IV. 
Th• Mode ot A.otton of Parath7roid 
Hormone. 
THE MODE OF ACTION OF PARATHYROID HORMONE 
If I were to succumb to the temptation to introduce each 
section of this thesis with a pithy quotation, I think I should 
choose for this section a statement made by Professor Gibbard 
some eight years ago in the course of a lecture delivered while 
he was the Sims travelling Professor in South Africa. He said, 
in essence, "If I were to claim that orange peel was a cure for 
cancer of the breast, it would take twenty years of intensive 
research to prove me wrong t tt Thia is the reduotio ad absurdum 
of the state of affairs that has prevailed in parathyroid hormone 
research for t he past t wo decades. In a paper published in 1934 
from the research laboratories of Fuller Albright(
69 ) it was 
suggested that the effec.ts of parathyroid hormone were mediated 
solely through the primary effect this substance had in provoking 
a phosphate diuresis . This hypothesis resulted in a complete 
re-direction of research into experimental channels designed 
to proye or refute its validity, with comparatively little in 
the literature since 1934 to indicate any original line of 
approach to the study of parathyroid function. 
Before reviewing the volwainous literature that has 
aecwnulated around this hypothesis of the Albright team, let 
me review the knowledge of parathyroid function at the time 
at which it was elaborated . 
Largely owing to the independent observations of 
Sandstri:Sm and Gley(l9) at the end of the 19th century, the 
existence of the parathyroids and their associ ation with tetany 
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had been known for forty years. Gree-nwa.ld(90)t in 1924, drew 
attention to the effects of para.thyroideotomy on the plasma 
calcium and phosphorus concentrations, and in 1926(9l,9
2 ) 
published his observations on the effects ot parathyroid extra.ct 
on urinary calcium and phosphorus excretion in dogs. In 1925 
Collip and Clark(45,46) published results or their experiences 
with an extract of beef para.thyroid tissue and noted that it 
could be used to maintain the serum calcium concentration in 
parathyroidectomised doge and would, when administered to normal 
animals, produce an abnorma-1 elevation of plasma calcium concen-
tration. The histological changes wrought in bone by excess of 
endogenous parathyroid hormone were well known from the earlier 
studies ot von Recklinghausen and Askenazy(l9)• and the first 
para.thyroid exploration had been successfully attempted for 
osteitis fibrosa. generalisata (the case of Mandl quoted by(9)). 
Holt, la Mer and Chown< 121,i2s) had published their conclusions 
on the physical chemistry of calcium-phosphate solutions. 
From these studies the following facts had accumulated a-
1) Deficiency of parathyroid hormone causes a fall in plasma 
calcium concentration, a rise 1n plasma phosphate concen-
tration and a fall in the rate of excretion of phosphorus 
in the urine. 
ii) Excess of parathyroid hormone ca.uses a rise in plasma calcium 
concentration, bone changes with a typical histological 
features ("osteitis fibrosa") and a rise in the rate of 
excretion of phosphorus in the urine. 
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111) Parathyroid hormone causes an aoeeleration in the rate of 
urinary excretion of calcium. 
iT) The fall in plasma. calcium concentration after parathyroidec-
tomy is not due to increased excretion in the urine. 
T) The product of Calcium and Phosphate concentrations in the 
plasma exceeds the solubility product of Calcium ortho-
phosphate, so that some mechanism exists for keeping these 
ions in a supersaturated solution. 
With this knowledge in hand Albright et al. embarked on 
a series of investigations into the mechanism of parathyroid 
function using parathyroid extract in both normal and hypopara-
thyroid subjects. Firstly the phosphate diuretic effect of the 
parathyroid hormone was described( 4 ) with a paper in the same 
yea.r(7) describing a similar effect in patients with hypopara-
thyroidism. In this paper it was concluded that, in the d:>sence 
of any demonstrable inability of the hypoparathyroid kidney to 
excrete a phosphate load, the phosphate diuresis that followed 
parathormone administration must be due to some alteration in 
the plasma inorganic phosphorus whereby it was made more readily 
available for urinary excretion. In 19}2, however, Ellsworth(69 ) 
accepted that the phosphate diuretic effect of parathyroid 
hormone was a result of lowering of the renal threshold, and, 
because of the sequence of events observed following injection 
of parathyroid extract, stated in crystallised form the theory 
of parathyroid function favoured by Albright and himself . This 
theory was restated in 1934(7o) in a pa.per describing the phosphorus 
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diuretic effect of parathyroid extract in normal human subjects . 
The loss of phosphate in the urine, it was claimed, led to a 
'f'a.11 in plasma phosphorus with resulting disturbance in the 
normally maintained solubility product of calcium and phosphorus . 
The low product of the concentrations of these two substances 
was restored to n..ormal by mobilisation of calcium from the bones 
with resulting hypercalcaem1a, hypercalcuria and hyperphosphaturi a . 
Implied or expressed in this postulated mechanism were 
the following assertions with which subsequent research has 
busied itsel f' . 
1) Parathyroid hormone will cause an increased rate of excretion 
of phosphate in the urine . 
This effect of parathyroid extract has been convincingly 
demonstrated for man and a variety of experimental animals(ll , l
65, 
92,142,58,183,150,196,4,7,69,36,125,70,59,33,246) . Others (55 ,182) 
have said that the effect varies directly with the concent ration 
of plasma phosphate at the time of injection, but Goadby and 
Staoey(s2 ) were able to demonstrate an effect even at the very 
low plasma phosphorus levels produced by carbohydrate feedi ng. 
No sueh effect was seen in cats(ll) . Dent (
62 ) was able 
to find only a variable and insignificant effect of parathyroid 
extract on urinary phosphorus and suggested that it may be 
apparent rather than real and due to either the crude nature of 
the extract or the normal diurnal variation in rate of excretion 
of phosphate. 
Despite these two dissenters, and because it is well 
known that patients with hyperparathyroidism have a high urinary 
output of phosphorus, one must accept this assertion as valid. 157 
2) Parathyroid hormone, by virtue of the fact that it acts 
primarill upon the kidaeys, .will haven<> effect when 
; 
administered to · a nephrectomised animal. 
Tweedy et a.1.( 256), in a poorly conceived and interpreted 
experiment supported this assertion by showing that parathyroid 
hormone had no calcium raising power when given to nephreetomised 
dogs, and that nephreetomy "protected" these animals from the 
adverse effects of massive parathormone dos.age. Further support 
came from Neufeld and Collip(192 ) who, in a. more acceptable aeries 
of ef experiments, demonstrated with a variety of animals that 
the serum calcium did not rise when parathormone was given to 
animals made anurio by nephreetomy. overdosage with posterior 
pituitary extract or ureteral ligation. In one animal cutting of 
the uretera.l ligatures was followed by an imm.ediate rise in plasma 
calcium concentration. 
Ingalls, Donaldson and Albright( 1~6), however, showed that 
nephrectomy did not abolish the effect of parathyroid extract in 
producing an o.steoolastic proliferation in bone, a.nd this was 
conf'irmed by ColU.p et al. (47) 
Monahan a.nd Freeman (ia4) were able to produce an elevation 
of plasma calcium ln nephreetomised dogs by administering para-
thyroid extract, and a fall ~n plasma ca.leium by parathyroideetory. 
Grollman(97) showed that the parathyroid control of plasma. 
calcium concentration was independent of renal mediation by 
producing hypoca.lca.emia in nephrectomised dogs by parathyroidectomy, 
and rest.orin_g the serum calcium. concentration to normal with para-
thyroid extra.et. 
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By the use of a.n ingeniously conceived "oxalate tolerance 
test" Stewar and Bowa.11( 244) were able to show that the extra- renal 
actions of endogenous parathyroid hormone were in no way 
compromised by nephrectomy. 
On the balance of evidence, therefore, this assertion 
must be declared invalid . 
3) Parathyroid hormone causes a fall in plasma phosphorus concen-
tration before it causes a rise in plasma calcium concentration. 
Although this sequence of events was found by the original 
proponents of the theory< 4•69 ) the results of several other 
workers( 253,96,l65,l25) have indicated that this is not the case. 
Moreover Jacob(l4o) has shown thct artificial elevation of the 
plasma phosphorus will not interfere with the calcium raising 
effect of parathormone. It is, however, well known that para-
thyroideetomy will cause a rise in plasma phosphorus(j5l) and 
that eli.nical hyperparathyroidism is usually associated with a 
fall in plasma inorganic phosphorus. 
The assertion that parathyroid excess will cause a fall 
in plasma phosphate is therefore probably valid. The assertion 
that this fall is a necessary prerequisite for a rise in plasma 
calcium is unacceptable . 
4) There exists, in the body 1 a mechanism operating to ensure 
that the product of the calcium and phosphorus concentrati on 
will remain constant, so that a fall in one will be compensated 
by a rise in the other. 
Phosphate infusion has been known to cause tetany in 
1 ni l ( 240,210,1) experimenta a mas • There is little information on 
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this seore however, for man • . Sirota(
238) has reported a fall in 
plasma calcium following phosphate infusion to a patient with 
hyperparathyroidism, and Peters and Eiserson,(
205) using the 
results from routine laboratory investigation, were able to 
show an inverse relationship between plasma calcium and phosphorus 
concentration. In none of the many reports on phosphate infusion 
in man has there been anything to suggest a lowered serum calcium 
concentration. 
It is well known that artificial raising of the plasma 
calcium concentration will cause a rise in plasma phosphorus, 
and Thompson and Pugsley(253) were able to show that insulin 
injection, while it lowered the plasma phosphorus, did not cause 
a rise in plasma calcium. 
This assertion can be said to be unsubstantiated. 
5) The potent principle in parathyroid extract is a ,single pure 
hormone with an effect principally on the renal threshold 
for phosphate. 
The validity of this assertion was questioned first by 
Handler, de Maria and Cohn(l06 ,l05) who showed that there was an 
immediate rise in the rate of urinary phosphate excretion following 
intravenous injection of parathyroid extract tha t wa.s accompanied 
by a rise in the rate of tubular reabsorption of phosphate, the 
glomerular filtration rate and the renal plasma flow. Although 
no figures were given to enable me to calculate the threshold, 
they state that the rise in the rate of reabsorption was in 
"a manner rather less than proportional to the amount filteredtt. 
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In a subsequent paper(io4 ) Handler and Cohn confirmed their 
previous results and were able to show that the factors present 
which raised the glomerular filtration rate and the plasma 
calcium concentration were similar in that they were both non-
dialysable and could be inactivated by peptic digestion. The 
:factor, however, which raised the blood pressur in rats was 
disalysable Epid could be digested by pepsin. Parathyroid hormone, 
when administered subcutaneously, caused a marked rise in plasma 
calcium without change in glomerular filtration rate or renal 
plasma flow. From this they concluded, very reasonably, that the 
haemodyna.mic effect of parathyroid extract was of no importance 
in raising the plasma calcium and that there were probably t wo 
distinct hormones. 
Stewart and :Bowen( 245) showed that a phosphate diuresis 
could be provoked with parathyroid extract that had been 
inactivated by formaldehyde or with an extract from spleen and 
thymus, and concluded that this effect of para.thyroid extract 
was an artefact due to the crudity of the preparation. 
Davis and Gordon(56) found that the nphoaphate diuretic" 
factor of parathyroid hormone was dialysable th-rough a cellophane 
membrane whereas the hyperoaloaemic factor was not and postulated 
a second hormone. A rise in glomerular filtration rate following 
intravenous parathyroid extract has been recorded by several 
~. ther k (141,150,36,126,182) 
v wor ers • 
From this work two facts emerge. Firstly, the assertion 
as it stands is invalid, and secondly, injections of parathyroid 
hormone may cause a rise in glomerular filtration rate. 161 
The theory of Albright then comes out rather badly and 
one is forced to accept that theEt"fects of parathyroid hormone 
on bone and on serum calcium are independent of the effects on 
the urinary elimination of phosphate. Albright and Reitenstein( 9) 
in an impartial review of this subject, accept an action on bone 
and concede that the renal action is the less important, They 
cling tenaciously however, to the "solubility product" and return 
once more to the theory tha, parathyroid hormone alters the 
phosphate in the serum in such a way as to render it more readily 
available for urinary excretion and so to disturb the solubility 
product. This, it will be seen, represents a return to the 
original suggestion of the Albright school, that the renal threshold 
for phosphorus is not maintained solely by renal tubular action, 
but is, in part if not in whole, an expression of the "availability" 
of the plasma phosphate for urinary excretion. Translated into 
terms of accepted theory, this would mean that the phosphorus 
exists in the plasma in a largely non-filterable form. 
It is interesting to examine the reasons for the great 
deal of attention that the Albrightian theory has received. 
I think that these reasons are twofold. 
Firstly the theory came from a Tery reputable school of 
research, and secondly it is the only theory of parathyroid action 
that has attempted to explain the fact that hyperparathyroidism 
may axis t without bone changes. The drain of ce.loium from the 
bones, it was argued, would only produce bone lesions if 
uncompensated f .o:r by supplies of calcium from the bowel. 
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Renee it was to be expected that only a minority of cases wo-uld 
show bone changes. Why it is, however, tha.t these bone changes 
take the form of osteitis fibrosa and not osteomalac~a.. has not 
been explained. Albright himself has said tha t primary lcy'p"8r-
pa.rathy1"oidism in children does not ca.use epiphyseal cb.anges.( 6) 
In this thesis I have concerned myself principally with 
the renal effects of parathyroid hormone. I have been handicapped 
by the apparent scarcity of .cases of clinical hyperparathyroidism 
at Groote Schuur Hospital, and the investigations tha t I have 
done have been on normal subjects. and ·on two cases (H. W. and E.B.) 
o.f surgical hypoparath;rroidism. 
In. the normal subjects my studies were confined to the 
action of para.thyroid extract on the renal handling of phosphate 
at normal and elevated plasma levels, and in the Rypopara.thyroid 
subjects to the measurement of phosphate threshold and to the 
effects of calcium infusion. 
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The effect of Parath;rroid extract on the renal handling 
of inorganic phosphate in .normal subjects . 
A number of reports on the effect of parathyroid extract 
on the tubular reabeorption of phosphate as measured by clearance 
analysis have appeared in the literature. 
Working with dogs. Fay et al.(73) and Ja.han and Pitts(l43) 
were unable to demonst.ra.te any convincing effect of parathyroid 
extract injection on the rate of tubular transport of phosphate . 
Analysis of the data given by Pitts, however, shows that in the 
six animals who rece.ived parathyroid hormone, while there was a 
rise in Tp there was a fall in ~iR from a mean preinj.eotion level 
of 0.131 to a mean po8t-injection level O·f 0 . 125 . It was, in 
addition only some 16 - 24 hours after injection that the 
clearances of creatinine and phosphorus were measured. 
Harrison and Harrison (ii4) demonstrated a convincing fall 
in ~iR following parathormone injection, with a slight rise in Tp . 
Hogben and Bollman in 1949(
125) ascribed the phosphate 
diuresis following parathormone injection to rise in plasma. 
phosphorus concentration and in 1951<
126 ) to rise in glomerular 
filtration rate . In neither instance would they agree to a 
direct action of parathyroid hormone on the tubular mechanism 
for reabsorption of phosphate. 
Handler et al.(l05) confirmed the fact that the glomerular 
filt_ration rate may rise after parathormon.e injection. 




Michie and Shorey(lS2 ) ascribed. the rise in UVp to the 
increase in glomerular filtration rate. 
Others , however, while admitting that the glomerular 
filtration rate may rise, have said that an effect on tubular 
activity can also be shown.(36 ,l4l,l49,lSO) Of all of the 
experimental work on man with parathyroid extract, only that of 
Jacobs and Verbunck(i4i) has used simultaneous infusion of phosphate. 
The original supposition that parathormone does have an 
effect on the kidneys is supported by the cross-transfusion 
experiments of Brull(33) and the observations of Goadby and 
Stacey(Sl) and Kleeman and Cooke(i49 ) who noted absence of a 
phosphate diuretic response to parathormone in patients with 
acute nephritis that returned after recoTery. 
To summarise this short review of the pertinent literature 
it can be sai~ that parathyroid extract may or may not cause a 
rise in glomerular filtration rate, and it may or ma.y not cause 
a change in the r ate of renal tubular reabsorption of phosphate. 
The important question that requiree an answer before justifiable 
oonclusione oa.n be drawn is this: To what extent will a rise in 
glomerular filtration rate cause a rise in urine phosphorus 
excretion? 
I£ the classical Tm hypothesis for phosphate be true, a 
rise in glomerular filtration rate will cause a rise in filtered 
phosphorous, which, by virtue of the fact that the absolute amount 
reabsorbed remains constant, will be sufficient to cause a rise 
in the amount of phosphorus in the urine. 
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It, howeYer, as I have suggested earlier, the absolute 
rat• of re-absorption 1s proportional to th• glomorular filtration 
rate, a rise in the l tter will be aoooapani d by directly 
proportional change in the f'ormer ao that the increa.ae in ,he 
glomerular filtration rate will not cause a rise in urill&1:7 
pboaphons excretion. 
If'• moreOYer, the t.veahold 1B more oona tan:t than the 
rate of tubular reabaorptio11, and thia threshold ie largel7 
deterainecl by renal tubular activity, an increase in urinN7 
phosphorus, in the absence or a rue in plasma phoe-phorue, must 
indicate change ta renal tubular acun.t.y. 
It was with a knowledge or th~s problem ihat I undertook 
th following experiments to study the ettect ~ p&1"&thormone 
on the renal handling ot pho phorua.-
A \ota.l of 7 ezperilllents wer performed on 5 subjects 
~udged to have normal renal function. In each case, the gloaerular 
filtration rate was .measured with iaulin, and accurately tilled 
urine 0011-eotiona were made at 20 mlmlte interYale. Blood seaples 
reJ)rG entati:v• of ea.oh urine collection period w:ere e.tl&lyaed tor 
im111n, phoapb.orue and calcium, and similar e t1mationa •ere 
carried out on the urine. After three control peioda 400 units 
of "Parathormone" (Lilly) we injected intrayenoualy and the 
e-ftect tudied for, hours after the inj otion. The expe:riaenta 
are r corded in 61"&ater detail in Appendix • 
he results a.re. presented in ~ables 39 to 45 incluaiYe a.ad 
re gr pbic ll7 depicted in Fip. 42 to 46 inclusive. A short 
e ent is given in ea.ch case. 
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In two eases, J.J. and R.R., the test was performed at 
normal levels of serum phosphorus and was repeated subsequently 
with the serum phosphorus concentration artificially elevated by 
intravenous infusion of sterile buffered phosphate. 
In one case (T. 11.) the test was only done once and then 
at eleTated plasma levels. 
In the diagrams I have chosen UVp x lOO and Tp x lOO to 
G.F.R. G. F.R. 
represent the rate of excretion of phosphate and the rate of 
reabsorption respectively. The former is represented. for each 
urinary collection period• by clear blocks extending upwards from 
the base line and the latter by shaded blocks extending downwards 
from the base line. 
The effect of choosing these indices is to correct both 
the absolute rate of tubular rea.bsorption and the rate of 
urinary excretion of inorganic phosphorus for changes in glomerular 
filtra tion rate tha t may have been real or due to incomplete 
bladder emptying. These indices are expressed in mg. /min . /100 ml. 
of filtrate formed. If absolute Yalues are preferred they can 
be found in the relevant Tables. 
As there was no effect of parathyroid extract on plasma 
or urine -0alcium, I have not presented these figures in the 
Tables in this section . They can be found in the summaries of' 















 4 5 6 1









































































































































































































































































































































































































































































































' +oou ,.v. 
GFR t+q-










































































































































































































































































































































































































































































































A.F. PA RATH OR MONE f -too u. 1.v. 
GFR U50r 
ml/min sol -1.-...---L--_J 
~ERUM t·i 










Tl ME r--1 r,,.-----2 fw ___.__ 3f...-+3~ tonn 
ho 1 ff ct of pa tho on dm.in1 tr tio to 
bj ct •• ( eri nt IXYI). 
ot light f 11 1D r· a 1n ~P. 
nt in a le 40. 
p riod ar du to chnical difficult7 









































































































































































































































































































































































































































































































































































TM. PA RATH OR MONE. 
GFR 
ml/min 
J +OOll 1.V. 


















effect ot pr ad.mini tr tion to 
( pr ant XXVII). 
lo rular tiltr 
athor one ad n1 tr tion. o c n inc 
pr thormon u on rt of r beorptio 
tf ct on uri phospboru ob cur 







































































































































































































































































































































































































































































































































































" ·" · I 
GFR t80r 


































































































































































































































































































































































































































































































































































































































































- - -- --- -
-- - -- - --
1--1fir--+--26rs --.3hN I 4 fi~-, 
e ~,l,i-~~tr i t 












































































































































































































































































































































































































































































































































































































HR. I PARATHORMONE 
GFR 'llt ' +0011 I.V. 
ml/min gJ_ -----....___----:~ 
SERUM P ~-+[ 








































































































































































































































































































































































































































































































































































































































































H.R. II PARATHORMONE 

























The first conclusion which can be reached from these 
results is that, however categorical n,.y commentaries may appear, 
the results are depressingly inconclusive. I think I am able to 
say that in three experiments parathyroid hormone caused a.n 
increase in the rate of excretion of phosphorus in the urine. 
The true relations of this increase makes me think it was 
significant, and due to the paratbormone. 
In three instances parathormone injection was follow.ad by 
an increase in the glomerular filtration rate. In each oase this 
increase in glomerular filtration rate ·was accompanied by a rise 
in the absolute rate of reabsorption of phosphate but a fall in 
the threshold. This lends support to my earlier contention that 
the rate of reabsorption of phosphate is affected by the 
glomerular filtration rate. 
The unconvincing nature of the results was in part due 
to the fact that I was attempting to mea1JUre, with a orude technique, 
a small change in tubular function, and in part to the fact that 
the parathyroid extract was administered to normal individuals 
whose renal tubules were a.l't'eady subjeet to the action ot 
endogenous parathyroid hormone. I feel certain that I could have 
demonstrated more convincing changes had I conducted similar 
experiments on hypoparathyroid patients. Unfortunately I have 
not done this, nor do I see much point in so doing . 
I feel that the case for a phosphate diuretic ef~ect of 
parathyroid hormone has been proved by others. If this phosphate 
diuresis takes place without a. rise in the plasma concentration 
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(as it does) one may justifiably conclude that parathyroid hormone 
causes a lowering of the renal threshold. I do not think that 
the matter need be t aken much further. My "observer bias" has 
led me to feel that this is due to suppression of renal tubular 
activity, but I accept that this feeling may be wrong. 
No effect of Parathormone on Plasma or urine calcium is 
evident from the results. 
I plead for a shift of emphasis in parathyroid research 
away fr-om the renal aspeo~ and on to the intricate physical chemistry 
of calcium and phosphorus homeostasis. It is only at this level 
that the problem of the mode of action of parathyroid hormone 
can be solved. 
Experiments on H7Poparatbyroid . Subjects. 
In two eases of surgical hypoparathyroidism, H.W. and E.B., 
the metabolic effects of intravenous calcium were studied, and in 
H. • 
UVca 
the relationship between G.F.R. and Pea waa studied. 
In the case of H .. W., the calcium was infused at a 
progressively increasing rate in the hope that a linear rise in 
plasma calcium could be achieved. In patient E.G., calcium 
gluconate wa..s infused at a constant rate over a short period of 
time after a control period had elapsed and estimations were 
continued for 4 hours after the infusion had been discontinued. 
The conduct of these two experiments was in all respects 
similar to tha t for the normals and is described in greater detail 
in Appendix A. 
Case reports of these t wo patients may be found in 
Appendix A. It is important to state at this stage., however. that 
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0 1 l 
TIME IN HOU)tS 
1n fteet of intr ~ no o oi in.tu ion on 
etaboliem in subject B.W. ( pori nt XXXIII). 
D t pr ente in T ble 47. 
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performance of the experiment . Patient H.W. was on large doses 
of caloiferol and prednisone at the time of the test, the latter 
given to oorreot exophthalmos . 
(a) The metab-olio effects of intravenous calcium. 
The effects of calcium infusion on phosphorus m.etaboli sm 
in these two patients are shown in Fig. 49 and Table 46 for E.B . 
and in Fig. 50 and Table 4 7 f .or H. W. 
The following points are apparent from these results: 
(1) Subject E.B. had a low resting serum calcium concentration. 
This w4s associated with signs of latent tet any . 
Subject H. W. had a normal resting calcium concentration 
owing presumably to the calciferol therapy. It is interesti ng 
to note that the prednisone therapy had not apparently 
i nterfered with the ability of oral ca.lciferol to maintain 
her plasma calcium concentration within normal limits . 
(ii) In both instances the infusion of calcium resulted in a rise 
in plasma phosphorus concentration. Thia rise was not as 
marked in subject H.W . as it was in E.B . This may have been 
due to t he fact tha t the extent of the rise in plasma calcium 
was not so great in B.W. as it was in E. B. 
(iii) In both case.a, calcium infusion resulted in a rise in the 
rate of excretion of phosphorus in the urine . This was more 
marked in subject E. B. than in H.W., and was probably due 
to the fact that the rise in serum phosphorus concentration 
was greater in E. B. t han it was in H.W. 
(iv) In patient E. B. there was a marked rise in the calculated 
rate of tubular transport of phosphorus both as judged by 
188 
the absolute value (Tp) or the threshold(~~). As this 
patient ts grossly hypopa.rathyroidio , it can scarcely b& 
argued that this increase in the rate of reabsorption of 
phosphate was due to parathyroid suppression by the 
hyperoaloaemia.. An alterna tive and more acceptable explana-
tion would be tha t the renal threshold for phosphate was 
inereased not by any direct effect on the renal tubules 
but by the formation of a non-diffusible phosphorus comple• " 
The presence of such a complex in the plasma would make the 
estimate of the rate of tubular reabsorption falsely high. 
In patient :a: .w. a similar significant change in calculated 
rate of tubular reabsorption was not found . This may have 
been due to the fact tha t Vitamin D inhibits the forma tion 
of non-diffusib.le phosphorus complexes .. 
(v) The absolute amount of phosphate being reabsorbed a.nd the 
thr,eshold for phosphorus was high in E. B. during the cont rol 
period before calcium infusion; but was normal in H.W. The 
resting serum inorganic phosphorus concentration wa~ h i .gh 
in E.B. but was normal in H.W. 
Assuming tha t these two cases are comparable, and that the 
differences in between them are due to aalei.i'erol, it may 
be oonolud.ed that Vit. D lowers the renal threshold for 
phosphate. This is not an al together unreasonable assumption 
because it is well known tha t Vit. D will restore t he plasma 
phosphorus concentrq.tion t_o normal in patients with hypo-
parathyroidism and will increase the rate of phosphate 
excretion in the urine{21) . 
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An opposite effect of Vitamin Don the renal threshold 
for phosphorus is seen in rickets, where it causes a rise 
in renal threshold for phosphorus ( 116 'll3). .This has been 
explained by Alpright(9) by suggesting that the increased 
absorption of calcium from the bowel following therapy in 
rickets elevates the plasma calcium concentration and so 
suppresses the secretion of parat.hyroid hormone tha t was , in 
the first instance, responsible for the low renal threshold. 
A "Parathormone-like" action of Vita.min Don the kidneys is 
suggested to explain the lowering of the phosphate threshold 
in hypoparathyroidism. 
I suggest the alternative explanation that Vitamin D acts 
primarily on the plasma. phosphorus in hypoparathyroidism 
rendering it diffusible and hence more readily available for 
renal excretion. 
(vi) In case E.B., calcium infusion resulted in a prompt rise in 
the ra.te 0£ sodium excretion in the urine. The figures are 
given in Appendix B. 
(b) The relationship between the rate of ~xcretion of calcium in 
the urine and the plasma calcium concentration in Patient H.W. 
The results from Experiment XXXIII were used to study this 
relationship in a similar manner to that described for normal 
subjects (Experiments XIV to XIX inclusive.) 
The relevant data are given in Table 48 and are depicted 
graphically in Fig •. 51. 
It will be seen that the value obtained for the regression 
co fficient of UVca x l OO on Pea is very much higher than tha t 
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1,. 51 
UVc x 100 . 
~·~~-a ion lin for G.F. • o Pc 1n tint B •• 
( r1 nt XXXIII) c leulated tro d in 
4.r l 48. 
!he 95 oontideno interv for the r gr ssio co tfici nt 
• 0.931, e c culate ~o pool et t o~ the 
T 1 c of , is :trom 0 . 825 to 1.037. 192 
encountered for normals. There are three explanations for this 
discrepancy that suggest themsel-ves to me. 
(1) That the calcium in the plasma exists in an entirely 
filterable form. '!'his, I think is highly unlikely, 
(ii) That the ealci.um that was infused was not incorporated 
natur1lly into the various compartments of the plasma calcium 
and was consequently rejected qua.nt1tatively in the urine 
as a 11foreign substance". This would imply tha t the 
mechanism for "binding" calcium was saturated and could 
accommodate none of the infused calcium. This explanation 
is supported by arguing conversely from the observations 
of Martin and Perkins(l76,177) that the ability of serum 
albumin to bind protein is increased in patients with 
hyperparatbyroidism and returns to normal after para-
t}qroidectomy. 
Goldman and Ba3sett(s4) have made the astute observation 
tha t when the serum oaloium concentration in patients with hypo-
parathyroidism is raised to normal levels by calcium infusion, 
the rate of excretion of calc1WB in the urine is greatly in excess 
of the normal rate of excretion, an observation tha t confirms my 
own on Subject H. W. 
Talmadge et a.1.( 25l) noted tha t the fa.11 in urine calcium 
following parathyroideotomy in rats was preceded b-y a sharp rise -
a phenomenon tha t could easily be ,axplained on the basis of 
sudden fall in the calcium binding capacity of the plasma as a 
result of parathyroidectomy. 
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(iii) Owing to the Vitamin D which the patient had been rec·eiving 
there was, 1n her plasma, an excess of some substance that 
combined with the infused calcium to render it non-reabsorbable 
by the tubular epithelium, without affecting its dii'fusibility. 
If this were the oase, the filtered calcium would behave in 
a manner similar to inulin and the regression coefficient 
would be equal to unity. 
The interpretation of the results of the calcium titration 
experiment in this case is complicated by the fact that she was 
receiving prednisone and caloiferol at the time. Cortisone has 
been shown by Roberts and Pi tts< 220 ) to affect the renal 
threshold_ for phosphate. 
SUDARY. 
(i) The literature recording observations on the mode of action 
of parathyroid hormone is reviewed and it is concluded tha t 
parathyroid hormone exercises an effect on bone and on the 
renal threshold for phosphorus. These two effects are 
independent of each other. 
(ii) The reGults of seven acute experiments with parathyroid 
extract are recorded and the following conclusions are 
tentatively drawn a 
(a) Parathyroid extract may increase the glomerular 
filtration rate. This is not, however, an invariable 
response. 
(b) Parathyroid extract may, by causing an increase in 
the glomerular filtration rate, cause an increase in 
the the rate of tubular reabsorption of phosphorus . 
The amount of phosphorus rea.bosrbed from each 100 ml . 
of filtrate formed is, however , reduced by 
administra tion of pa r a thyroid extr4ct. 
(c) Parathyroid extract causes no apparent change in plasma 
calcium oonoentra tion or r a te of excretion of calcium 
in the urine over the three hour period following 
its administration . 
(iii) The results of calcium tnfu.sion experiments on two cases of 
surgical hypoparathyroidism are discussed. One case was 
receiTing no therapy while the other was receiT1ng calciferol 
and prednisone at the time of the experiment . 
Calcium infusion caused an increase in the renal threshold 
for phosphorus in the case an no therapy but had no effect 
on the ease receiving prednisone and Vitamin D. 
The renal mechanism for excreting calcium in case H. W. 
was found to be abnormal. 
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SECT IO I V. 
The Renal Complications ot Sarooidoaia. 
THE RENAL COMPLICATIONS OF SARCOIDOSIS 
Since Barrell and Fisher(ll2 ) first recorded the occurrence 
of hypercalcaemia in six of eleven cases of Sarcoidosis, the 
assoc1at1o·n between Sarcoid a.nd abnormalities o:f Calcium ' homeo-
stasis has been repeatedly observed. 
Horton, · Linooln and P1nner(l30) described metastatic 
deposits of calcium in the kidneys of a case of Sarcoid at post 
mortem, and in 1946 Klinefelter and Salley(l5l) described a case 
of sarcoidosis th~t had presented with predominantly renal 
manifestations . They attributed the signs of renal failure in 
their case 1D massive granulomatous infiltration of the kidneys 
with sarcoid tissue, but this was not proved by histology . 
Klatskin and Gordon(i4a) have recently published an 
excellent review of the renal complications in sareoid . From 
four of their own cases and from an additional f ive which they 
were able to cull from t he literature, they came to the acceptable 
conclusion that nephrocaloinosis is the principal renal lesion in 
sarooidosis and that non-oaseating tubercles are rarely found 
and probably do not give rise to symptoms. In all of the cases 
analysed by Klatskin and Gordon, hypercalcaemia was present, and 
it was to this and the resulting hypercalcuria that they 
attributed the renal lesions. From their study one other fact 
emerges, and that is that the kidney lesions in sarcoidosis 
produce symptoms of tubular rather than glomerula.r insufficiency. 
Thus hyposthenuria, polyuria and polydipsia are found wi th relative 
frequency, while azotaemia and hypertension are uncommon- Thie 
pure picture may be obscured by pyelonephritis complicating the 
renal calculi which are also frequently found . 196 
I have, thanks to t he cooperation of Professor Forman and 
Dr. Jackson, had an opportunity to study the nature of the renal abnor-
mality in two cases of Sarcoidosis. As they both illustrate some 
important features of this aspect of the disease I shall present them in 
some detail. 
Case 1: N. N. a Bantu Male of 29 years of age, presented at the Derma--
tology outpatient department in January 1955 complaining of painless skin 
nodules which were discretely ,scattered over the trunk and upper limbs 
and had been present for 3 weeks . 
Th se skin nodules had appeared over a period of 5 days . He had 
no other symptoms at the time, nor has he complained of any other spptoms 
since. He has repeatedly denied having polyuria, polyd1psia or looa.l 
symptoms referable to the urinary tract. 
He was admitted to the dermatology wards where a biopsy was t aken 
from one of the skin nodul~s. Histological examination of this tissue 
revealed the presence of numerous non- caseating tubercle follicles 
throughout the eorium. 
Fig. 52. 
Skin biopsy from patient N. N. showing extensive 
infiltra tion of the corium with granulomatous 
tissue. 197 
Physical examination at that time revealed no abnoniality 
save for the presence of the skin lesions and posterior cenical 
lymph node enlargement. An ophthalmological investigation disclosed 
the presence of quiescent uYeitis in the right eye which had not 
given rise to symptoms. 
The serum calcium conoentration. at that stage was found 
to be 10 . 4 mg.%t and the ur-inary calcium output 650 mg. /24 hours . 
The serum protein concentrations were albumin 3. 6 grammes%, 
globulin 3. 9 grammes%; no radiological abnormalities could be 
demonstrated in the chest or in the bones of the hands and feet . 
Treatment with oral oortisone brought about prompt 
subsidence of the skin lesions, and the patient was discharged with 
the advice to me.int.a.in a high fluid intake . !he cortisone was 
wit hdrawn on discharge ~ and} weeks later the skin nodules recurr ed. 
In March 1955 he was admitted to the metab-0lism ward for 
investigation and was treated with a further course of cortisone 
while in hospital. The akin nodules diaappea.red once more a.nd have 
not recurred since. 
While in the metabolism ward daily estimations of urine 
calcium were done in the course 0£ a metabolic balance, and these 
were consistently above 500 mg. /24 hours. Frequent estimations of 
serum calcium concentration yielded a normal res:d. The urine at 
this stage was normal save :for the presence of marked crystalluria. 
The patient was discharged in June of 1955 and has attended 
the outpatient department regularly since . During the period of 
time that elapsed bet een June of 1955 and the beginning of 1957 
no further symptoms have developed and tJie patient has been able to 
continue his work as a manual labourer without inconvenience. 198 
In ectober 1956 his parotida became enlarged and have 
remained so aince. This was not noticed by the patient and did not 
give rise to symptoms. 
On clinical examination in January of 1957 I found him t o 
be generally healthy . There were numerous slight ly depigment ed 
di screte scars in the skin over the trunk and upper limbs. Both 
parotids were moderately enlarged and were diffusely granular on 
palpation. The optic fundi were normal . The blood pressure was 
115/70 mm. of mercury . 
The following investigations were conducted by myself at 
this time. 
Urine: No protein, sugar or bile pigments. No abnormal formed 
elements in urinary sediment . No red cells or pus cells . 
Serum protein concentrations 
Albumin - 3.4 grammes% 
Globulin - 4. 4 grammes% 
Urine concentration tests The patient was able to produce a urine 
specimen with a. specific gravity of 1. 026 after 15 hours 
of fluid depr ivation •. 
Percutaneous renal biopsy: (Figs. 5; , 54, 55) 
The specimen of renal tissue obt ai ned revealed the 
presence of normal a.nd hya.linised glomeruli . There were two fairl y 
well defined non- caseating tuberole follicles in the specimen. 
Occasional tubules showed hyaline droplet. degeneration . There 
was no metastatic ca.lcifioation in the specimen examined. 
199 
l 
Fig._ 53 • 
Low power view of the renal biopsy specimen obtained from 
N.N. stained with Haematoxylin and Eosin. On the left a normal 
glomerulus can be seen. In the centre is a giant cell with, extending 
upwards and to the right. a large non-caseating follicle . 
Fig. 54. 
High power view of the giant cell seen in Fig. 53. ']) f: 0 hi {., V 
Fig. 55. 
High power view of the tubules showing hyaline droplet 
degeneration. (Stained with Haematoxylin and EosinJ photographed 
with blue filter). 
Calcium infusion experiment. 
Calcium was infused at progressively increasing speeds 
ov r a period of three hours in a. manner similar to that described 
for normals. The effects of artificial elevation of the plasma 
calcium concentration upon the renal handling of phosphate are 
shown and reoorded in Table 49 and Fig. 56. In addition the 
UVoa x 100 
relationship between and Pea was studied and is recorded G.F.R. 
in Table 50 and Fig. 57. 


























































































































































































































































































































































































Fi g. 56. 
N.N. 















0 1 2 .5 
TIME IN HOUI\_S 
Showing the effect of intravenous calcium infusion 
on the renal handling of phosphate in patient N. N. 
(Experiment XXXIV). 






















































































































































































































































































.Y • 1-02a: - .9· 78 
10 11 12 13 
UVca x 100 
Showing the regression line for G. F.R. upon Poa 
in patient N.N. (Experiment XXXIV) calculated from the 
data presented in Table 50 . 
The 95% confidence interTal for the regression 
co fficient • • 1.024 is from 0 . 927 to 1 .121. 
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Case 2s A. O. A Bantu female aged 26 years was seen first in 
January of 1956 when she presented at the gynaecological outpatient 
department complaining of lower abdominal pain~ menstrual irregu-
larity and productive cough which had been present for 4 months . 
She was admitted to hospital and a uterine curettage was performed 
which yielded normal endometrium. An X-Ray of the chest at this 
time showed diffuse irregular opacification. A diagnosis of 
pulmonary tuberculosis w1s made and she was discharged~ 
Three weeks after her discharge she presented at the 
oph-thalmology outpatient department complaining of pain in the 
left eye. Iritis and pulmonary tuberculosis was diagnosed and the 
patient was referred to the M~ipal tuberculosis clinic. 
She was admitted to the Dr . Stals chest sanatorium in 
Apri1 of 1956. While in the tuberculosis hospital numerous 
examinations of the sputum for acid fast bacilli were made but 
these were consistently negative, and the patient was repeatedly 
negative to Mantoux testing. As she did not improve on a course 
of anti .. tuberoulous therapy, the diagnosis of sarcoidosis was 
suspected and she was transferred to Groote Schuur Hospital in 
November of 1956 for conf'i:rma.tion of this diagnosis ., 
In October of 1956, while in the sanatorium, she had an 
attack of pa.in lasting for 2 days and a.s ociated with ncold shivers". 
This pain wa.s oc,nsta.nt in nature and felt mainly in the right renal 
angle, radiating round the abdomen to the supra.pubic area. Urine 
examination at the time revealed the presence of a heavy pyuria. 
No organisms were cultured and the attack subsided spontaneously 
leaving a residual mild proteinuria that has been present since. 
?11 6 
Her serum prot e i ns in Oc tober ere found to bea 
Albumi n :5. 2 grammes 'fa 
Globulin 6.4 grammes% 
On admission to Groote Schuur Hospital she complained of 
weakness and occasional pain in the left loin after prolonged 
sitting or standing. She admitted to polyuria when questioned 
directly, but did not volunt r this symptom. 
On examjnation she was an ill woman who had apparent ly 
lost weight . 
There was total blindness in the left eye with opacif ioation 
of the lower half of the cornea . Through th upper hal f of the 
cornea posterior synechiae were visible with nodules on t he iris 
and lens opaci ties. The right eye was normal. (Fig. 58) 
Fi g . 58. Photograph of yes of A. C. showing opacity of lower half of 
left cornea and oedema of the eyelids . ~e sharply defi ned upper 
edge of the corneal opacity can just be seen . 
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The blood pressure was 140/100. 
No abnormal physical signs could be elicited on examination of th 
chest or other systems . 
The urine was found to contain small amount of protein 
(320 g. /24 hour). There were no red blood cells or pus cells 
in the urinary sediment . 
The patient has been observed in hospital for 3 onths and 
numerous investigations have been carried out . 
these, in summary, is as follows a-
The results of 
Cheat X- Ray {Fig. 59) 7/1/571 Diffuse mottling of both lung fields 
maximal on the left and towards th hi1a of both lungs . Hilar lymph 
node enlarg ment was evident on the left aid . 
Fig 59 . Chest x~Ray of patient A.C. 208 
Intravenous pYelograpb,y (Fig. 60). Both kidneys showed very poor 
concentration of dye with barely visible opacifioation of the kidneys 
after 30 minut s. No radio-opaque calculi were seen. 
Fig. 60. Intravenous pyelogram of patient A.C . Taken 30 minutes 
after injection of contrast medium. 
Blood urea concentrations This has varied between 60 and 200 mg.% 
Urea clearanc: 25 . 9% standard. 30 . 6% maximum. 
Urine concentration tests The patient passed a specimen of urine of 
pacific gravity 1 . 014 after 15 hours of fluid deprivation. 
At this time she complained of intense thirst . 
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Serum Protein. 
Totsl a.05 grammes% 
Albumin 3.6 grammes% 
o<. - 1 - globulin 0.25 grammes% 
o<- 2 - globulin 0 . 60 grammes% 
($ - globulin 0 . 60 grammes% 
i • globulin 3.00 grammes% 
Se.rum Calcium Concentration. This has consistently been elevated 
above 11.5 mg.% on repeated estimations. 
Urinap; ca lcium output. 620 mg./24 hours. 
Serum inorganic phosphorus concentration. Between 3. 5 and 4 •. 5 mg.% 
on repeated estimations. 
Percutaneous Renal biopai. 24/l/57). Figs. 61 and 62 . 
The salient histological feature of the tissue obtained 
on percutaneous biopsy of the kidneys were these, 
(1) Dilatation of the capsular spaces surrounding the 
glomeruli, with normal glomerular tufts . 
(ii) Dilatation of the tubules with atrophy. 
(111) Many small irregula:uly shaped deposits of calcium 
with S'Ul."rounding chronic inflammatory reaction. 
(iY) 
(v) 
Focal areas of non.-speoific round cell infiltration. 
No sarcoid follicles could be found. 
Calcium infusion experiment. Calcium was infused over a three hour 
period and the effec.ts of this infusion on the renal handling of 
phosphate were studied. In add~tion the relationship between 
UVca. x lOO and Pea was studied. The results of this experiment G.F.R . 
are rec-0rded in Tables 51 and 52 and are depicted graphically in 
Figs . 63 and 64 .. 
This experiment was conducted along lines similar to those used 
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Fig. 61. 
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Low power view of renal biopsy specimen from patient A. O. 
The dilated capsular spaces surrounding the two glomerular tufts 
can be well seen. There is an area of metastatic calcificati on to 
the right of centre of the fi ld shown, with widespread tubular 
dilatation and atrophy. A normal renal tubule oan be seen lying 
between the glomerulus. and the calcium deposit. 
Fig. 62. 
High power view of renal biopsy specimen from patient A. O. showi ng 
in the top left hand corner a deposit of oalciutj salts with 
surrounding filbroblastic proliferation. In the lower right hand 
oornef is a tubule c-0ntaining a protein cast. 
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TIME IN HOURS. 
Ca L.V. 
Showing the effect of intravenous calcium infusion 
on the renal handling of phosphate in patient A .• c. 
(E:xpe1:iment XX.XV). 
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UVoa x 100 
Showing the regression line for G.F . R. upon Pea 
in patient A.C. (Experiment XXXV) calculated from the 
data presented in Tabl 52. 
The 95~ cnnfid nee interval for the regression 
coeffioient a• 0 . 984 is from 0. 903 to 1.065. 
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Discussion. 
In these t wo cases the diagnosis of Sarooidosis was 
proved beyond reasonable doubt in the one and was extremely l i kely 
on clinical grounds in the other. I shall confine myself to a 
discussion of the renal abnormality in these two oases as it is 
with this aspect that this thesis is principally concerned. 
While acknowledging the danger of' drawing ~ar reaching conclusions 
from only two oases, I do think the following comments are 
justified. 
1. In neither case did the renal lesion give rise to symptoms 
that formed a major part of the mode of presentation. This 
emphasises the necessity for recognising the occurrence of renal 
complications which may go undiagnosed unless looked for specifically. 
2 . In the case of A. C. the dilated capsular spaces and renal 
tubules suggests the presence of hydronephrosis which I suggest 
was due to an intra- renal obstruction of the individual tubules 
by deposits of calcium and the fibrosis surrounding these deposits. 
I make this suggestion for two reasons. Firstly there were , in 
the renal . biopsy specimen, relatively normal tubules indicating 
that the process was not entirel:, diffuse, and secondly there was 
no evidence of more distal obstruction by a large renal calculus. 
Had such a calculus been present I feel certain that it would 
have been visible radiologically. 
:,. It would appear from these two cases that signs of 
glomerular failure such as azotaemia and raised blood pressure 
are secondary to the obstructive tubular lesions rather than the 
216 
r aul\ of primary gl~merular pathology. Inc e .. . here there 
w48 evidence of glo erul rd 
where in case A.C. azota mia 
ot no al l erular tufts. 
e a20-tae ia was not present, 
marked despite the presence 
4. In ca.a B.B. the pr s nae of rked hyperc louria was 
not associat d with any oth r Tid nee of tubular disease. The 
tubules appeared nornm.l histologic&ll3 s ~ for th presence of 
occ ion l area of hyalin droplet de er tion, there was 
no p&irment of the ability of the kidneys to produce a 
concentr ted urin11. !bis, I think, lends support to the -contention 
t t th hypercalcuria i th e nsequ nc of o e ~ualitativ• 
abnorm lity of pl calcium r thsr than th result ot d&cr&ased 
tubular reabsorption of filt red calciwz.. 
5. The pr senoe of byperc lcuria is not dependent. on the 
prese ce of hypercs.lcaemia. Thi i wll illustrated in the ca.se 
of •• where the 24 hr. urinary calcium output• consistentl.7 
abov 500 mg. d spite a. serum calcium concentration t t remained 
within a normal range. I sug st that the hypere lcuria in his 
case wa.s due to the pres nc 1n the plasma of an abnormally high 
concentration of a non-reabsorbable Cf!.lcium complex. 
6. Despite the fact that both cases exbibit&d bypercnlouria 
of the a e degr& • there w mark d metastatic calc1tJ.cation in 
th one case 8Jld ·.one in the other. It 1s not easy from the 
availabl 1nform4tion to find an xplanation for thie diBC1'"'epanoy, 
and I o not think thti.t any ben fit c accwe from speculation. 
The oat obvious di£f rence between the two case that could be 
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inculpated in explanation was the presence of hypercaleaemia in 
the cas showing nephrooalcinosie. It is, howeTer, well known that 
nepbrocalcinosis may occur in other di.eease states without hyper-
calcaemia . (35 , 9). 
There was nothing in these two cases to throw any light on 
the pathogenesis of nephroea.lcinosis in Sarcoidosis . The source of 
the ectopic calcium may have been either the blood stream or the 
tubular reabsorbate. The site at which the caleifiea.tion can be 
presumed to have occurred makes me suspect the latter as the 
probable source, but I accept that this is not a very strong 
argument . The predeliction for the kidney as the site of ectopic 
calcification can best be explained by the high concentration of 
phosphatases in this organ. 
7. The results of calcium infusion in these two cases are 
most interesting. It will be seen in Fig. 56 and Fig . 63, that 
by comparison with the normals (Figs . 30 to 40) the extent of the 
rise in serum phosphorus concentration following calcium infusion 
was small in N. N. and insignificant in A. C. In the absence of 
any better explanation for this, I interpret it as in4icating 
depleted intracellular phosphate stores in these two patients. 
Of more importance, however, is the fact that in neither ease was 
there a rise in the calculated rate of tubular reabsorption of 
phosphorus or in the index ~iR and in the case of A. C. there was 
. 
actually a significant fall in tubular activity with regard to 
phosphate . I do not think one oan legitimately argue that this 
failure of the renal threshold to rise f'ollowing caloi- admini-
stration can be attributed to "non- responsiveness" of the parathyroids 
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to artificially induced hypercalcaemia. I put forward the following 
theory to explain this abnormal response to calcium injection. 
(a) The rise in the renal threshold following calcium 
injection in normals is not medi ated through suppression of para-
thyroid secretion and a consequent effect on tubular reabsorption, 
but is due to the formation of non-diffusible phosphorus complexes. 
(b) In patients with sareoidosis there is some substance 
present in the blood stream that prevents the formation of such 
non-diffusible phosphorus complexes. 
In support of this theory I have the conclusions of 
Henneman et a1.< 1
22 ) that the abnormality of calcium metabolism 
in sarcoidosis is caused by "endogenous hypersensitivity to 
Vitamin D", and my own observations on case H.W. (Fig.47) whose 
~enal response to calcium injection was similar to that of these 
two cases with sarcoidosis. n.w. it will be recalled, was a 
patient with surgical hypoparathyroidism who was on massive doses 
of oalciferol at the time of the calcium infusion. 
Against this theory I quote the observations of Brull(3
2) 
who found t hat colloidal phosphorus formation did not occur until 
very high levels of plasma calcium concentration had been reached. 
The issues involved in this theory are very complex, 
however, and I have insufficient evidence to assess its validity 
a.t the moment. 
I hope that a series of experiments to be undertaken 
in conjunction with Professor Linder and Dr. Jackson will throw 
some light on the problem posed by this observation. 
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8 . A further point of interest emerges from the analysis of 
the relationship that existed in these cases between the rate of 
excretion of calcium in the urine and the plasma concentration. 
As can be seen from Figs . 57 and 64, the regression coefficient 
for UVoa x 100 on Pea . t l it i h h was approx1ma e y un y n eao case w ereas G. F. R. 
that in the normals was not above 0 . 5. There are several inter-
pretations that can be placed on this observation . 
1) The calcium in the plasma of patients with sarcoidosis 
exists in an entirely filterable form - I do not think this at 
all likely. 
ii) The glomerular membrane in patients with sa.rcoidosis 
is abnormally permeable to calcium in the plasma with the result 
that all of the calcium is effectively diffusible through the 
glomerular membrane. The absence of obvious histological evidence 
to indicate such a glomerular lesion and the virtual absence of 
protein from the urine in these cases makes this unlikely. 
iii) The "binding" mechanism for infused calcium is fully 
saturated in patients with sarcoidosis with the result that the 
infused calcium is excreted quantitatively in the uri ne as a 
foreign inert substance similar to inulin. 
iv) There is an excess of some substance in the plasma 
of patients with sarcoidosis which binds infused calcium in the 
form of a complex that is diffusible but not reabsorbable . 
I suspect from the work of Chen( 4o) that this substance may be 
similar to citrate, and hope to embark on a series of experiments 
that will test the hypothesis that such a substance is present in 
excessive amounts in the plasma of patients with sarcoidosis . 
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9. Calcium infusion in these two cases caused a sodium 
lyuresis that was in no way different from that found in normal 
patients . The figures for sodium excretion appear in Appendix A. 
Before c oncluding this section I should like to record the 
observations of Hardy(llO) who has found hyperca.louria in patients 
with Berylllosis. In this condition the histological changes are 
remarkably similar to those found in patients with sarcoidosis and 
renal calculi are also frequently found. The principal renal 
lesion found in these oases is a granulomatous infiltration of the 
parenchyma with non-caseating follicles, and matastatic calcification 
is rare. I have suggested to Dr. Hardy that calcium infusion 
experiments similar to those described in this paper be conducted 
on patients with Berylliosis, and await her findings with interest. 
SUDA.RY. 
Two oases of Boeck ' s Sarcoidosis are presented to illustrate 
the renal abnormality tha t may be encountered in this disease. 
Both cases showed 
i) HypercalcuriaJ 
ii) an abnormal filure of the renal threshold for phosphate 
to rise following calcium infusion; 
iii) an abnormally high regression coef'f;icient for 
UVca x 100 
--0-.... F-..... R ..... - upon Pea. 
It is concluded that the three abnormalities listed are an 
expression of some obscure abnormality in the physioo-chemical 






In the one case the renal lesion took the form of 
meta.stat-1c calcification with intra-renal hydronephrosis. In 
the other there were sarcoid follicles in the kidney with scattered 
areas of tubular degeneration and occasional hyaliniaed glomeruli. 
In neither case did the renal lesions give rise to 
presenting symptoms. 
Symptoms of tubular insufficiency were only present in the 
case with nephrooalcin.osis. 
Hypercalcaemia is not a necessary concomitant of hyper-
ca.lcuria in sarcoidosis • 
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APPENDIX A.. 
Details ot ~x»eriment, l - XXXV. 
Name: T.le R. 
Date: 26 .. 10.56 
EXPERIMENT Nos I 
Height: 6 • 2" 
Urine collected bya Spontaneous voiding~ 
Wei ghts 168 lbs. 
Comments: Good diuresis maintained by oral hydration -
up to 19 ml./min. 
Cumulative Plasma Urine ( !!:::) --In_u_l_i_n_P_h_o_s_p-ho_ru_s--In_u_l_i_n_P_h_o_s_p_ho-ru--s-
(mg. %) (mg.%) (mg/min) (mg/min) 
Take UB. 
Take BB. 



























































EXPERIMENT No: II 
Namu V .M.G. European Male 22 
Date: 30.10.56 Height: 5'lli" 
Urine collected bya Spontaneous voiding. 
Normal Control 
Weight: 162 lbs. 
Comments: Good diuresis maintained. Up to 15 ml./min. 
Fainted after :BB. but recovered and endured remainder 
of test without incident. 
Cuun1lative _____ P_l_as_ma __________ u_ri_n_e _____ _ 
time. Inulin Phosphorus Inulin Phosphorus 
(mine.) (mg.%) (mg.%) {mg/min) (mg/min) 
Take U.B. 
Take BB. 
Set up inulin 
infusion. 
Give inulin -60.0 primer. 
Start phosphate .. 05.0 
in.fusion. 
U.D. oo.o 
B.l. 7.00 30.7 5.1 
u.1. 19.00 42.34 1.20 
B.2. 27.00 31.0 5.3 
u.2. }9.5 42.25 1.44 
B.:, • 47.5 :,o.o 5.9 
u.3. 60.5 39.74 1.55 
B.4. 68.0 29.a 6.7 
u.4. 79.5 40.a:, 2.21 
B. 5. s7.5 29.7 7.5 
u.5. 101.5 39.62 3.a9 
:s.6. 109.5 29.9 a.:, 
u.6. 121.5 40.12 7.42 
B.7. 129.5 28.6 9.2 
u.7. 142.0 :,a.50 5.95 
:a.a. 149.5 27.2 10.0 
U.8. 163.0 36.64 7.05 
:a.9. 173.0 27.8 10.6 




EXPERIMENT No. III 
Europeah J4ale 21 
Height: 5'8" 
Normal Control 
Weights 135 lbs. 
Urine collected by: Spontaneous voiding. 
Comments: Good urine output - up to 18 ml./min. 
Take UB. 
Take BB. 






















Cumulative Plasma Urine . -------------------time. Inulin Phosphorus Inulin Phosphorus 










































EXPERIDNT No. IV 
Heights 5111" 
Normal Control 
Weights 156 lbs. 
Urine collected by: Spontaneous voiding 
Comments: Good diuresis maintained - up to 14 ml./min. 
Take UB. 
Take BB. 

























- 05 . 0 




















Inulin Phosphorus Inulin Phosphorus 





















EXPERIMENT No. V 
Height: 6•111 
Normal Control 
Weights 180 lbs. 
Urine collected by: Spontaneous voiding. 
Comments• Good diuresis maintained - up to 12 ml./min. 
Take UB. 
Take BB. 
















































Phosphorus Inulin Phosphorus 
(mg.%) (mg/min) (mg/min) 










EXPERIUNT Noa YI 
Bame: B. A. Bon-European ale 42 
Dates 6.11.56 Height: 6 •1t 0 
Normal Control 
Weights 158 lbs. 
Urine collected by1 Indwelling catheter. Bladder wash out with 
distilled water and air. 
Comments, Refused oral fluid. Low urine output in neighbourhood 
of 2 - 4 mls./minute. · 
Marked renal delay. 
Take UB. 
Take BB. 






































100 . 0 
107 .5 
121.0 







Inulin Phosphorus Inulin Phosphorus 
(mg.%) (mg.%) {mg/min) (mg/min) I 
:,2 . 6 
:,e.23 
33.0 





3s.72 2. ;9 
s.o 






• This specimen slightly haemolysed. 228 
Names L.G. 
Dates 24.10.56 
EXPERIMENT No: TII 
Reight1 5'8" 
Normal Control 
eighta 153 lbs. 
Urine collected by: Spontaneous voiding. 
Comments, Good diuresis maintained - up to 21 ml./min. 
Cumulative Pla.ama Urine 
time. Inulin Phosphorus Inulin Phosphorus (mins.) (mg.%) (mg.%) (mg/min) (mg/min) 
Take UB. 
Take BB. :,.a 
Set up inulin 
infusion. 
Give inulin -60. 0 primer. 
Start phosphate -05. 0 infusion. 
U.D. 00.0 
:S.l. 8.0 32.0 4.9 
U.l. 20.5 50.90 1.21 
B.2. .28.0 30.0 5.4 
u.2. 40.5 45.32 1.28 
B.3. 47.0 31.0 6.0 
u.3. 5a.5 47.49 l. 13 
:a.4. 66.5 29.3 6.7 
u.4. 78.5 45.72 2.29 
:a.5. 88.5 28.7 7.2 
u.5. 100.5 44.60 3.58 
B.6. 107.5 26.4 7.7 
u.6. 120.0 40.22 3.99 
B.7. 128.0 25.a e .. o 
u.7. 140.5 40.15 4.51 
B.8. 150.0 26.0 a.4 
U.8. 159.5 40~22 5.49 
:a. 9. 169.5 25.9 a.9 
u.9. 181.5 39.70 6.48 
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EXPERIMENT No& VIII 
Ne.me: C.E. European Male 22 Normal Control. 
Date: 5. 11.56 Heights 6•oi" Weight, 175 lbs. 
Urine collected by: Spontaneous voiding. 
Comments: Good diuresis maintained with oral hydration -
up to 19 ml . /min. 
Cumulative Plasma Urine 
tim. Inulin. Phosphorus Inulin Phosphorus (mins . ) (mg.%) (mg.%) (mg/min) (mg/min) 
'l'ake UB . 
Take BB. 
Set up inulin 
infusion. 
Give inulin - 60 .0 primer. 
Start phosphate ... 05.,0 
i nfusion. 
U. D. oo.o 
B.1. 7. 5 ,a.2 5.6 
u.1. 21.0 47.42 2. 00 
:B . 2. 29 . 0 ,1 .1 5.9 
u.2. 41.0 45 .95 2. 35 
B. 3. 4a . 5 3a .3 6. 6 
u. 3. 60 .0 47 . 82 2. 49 
B.4. 69 . 0 39 . 7 7. 4 
u .4. 79 . 5 49 . 64 2. 75 
B.5. 87 . 0 40.1 8 . l 
u. 5. 100 . 0 50. 93 3.06 
B. 6 . 108. 5 39. a 8. 8 
u.6. 119 . 5 49 . 20 3. 79 
B. 7. 127. 5 40. 0 9. 5 
u . 7. 13e. o 49.17 4 .. 55 
B.8 . 147 .0 42 . 3 10. 2 
u.a. 158.0 52 .16 5.70 
B.9. 164. 0 40 .0 11.0 
u . 9. 17e.o 50 . 81 6. 36 
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EXPERIKENT Bot IX 
Name: A.O. European Ma.le 23 
Date: 10. 11.56 Heights 611" 
Urine collected by: Spontaneous voiding. 
Normal Control. 
Weight: 162 lbs. 
Comments: Good diuresis maintained, up to 15 ml ./min . with 
oral hydration. 
Cumulative Plasma Urine 
time. Inulin Phosphorus Inulin Phosphorus (mins . ) (mg.%) (mg/min) (mg/min) {mg.%) 
Take Ui. 
Take BB. 5.0 
Set up inulin 
infusion. 
Give inulin -60.0 primer. 
Start phosphate - 05.0 infusion. 
U.D. oo.o 
B.l. 07 . 5 37.a 5. 5 
u.1. 1e . 5 34.31 0. 25 
B.2. 26 . 0 35.4 6. o 
u.2. 50.0 54.78 l.70 
B. 3. 46 . 0 35.a 6. 9 
u., . 5a.o 39.61 2. 11 
B.4. 65.5 36.2 1.a 
u.4. 7a.o 47 . 34 ,.56 
B. 5. 86.o 35 . 9 a.a 
u.5. 99 . 0 41 . 5 4. 16 
B. 6. 106 . 5 36 . 3 9. 6 
u.6. 119. 0 67.24 a .17 
B. 7. 129. 0 36 .1 10.4 
u.7. 141 . 0 36.35 5. 09 
B. 8. 150.0 36.0 11.4 
u.a. 160.0 36 . 28 6.38 
B.9 . 167. 5 35.2 12 . 3 
u.9. 180.0 29 . 82 5. 96 
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EXPERIMENT No. X 
Name, G.H. European Male 29 Normal Control. 
Dates 8.11. 56 Heights 610" Weight& 175 lbs. 
Urine collected by1 Spontaneous voiding. 
Comments: Good diuresis maintained with oral hydration 
(up to 23 ml./min.) 
Cumulative Plasma Urine 
time. Inulin Phosphorus Inulin Phosphorus (mins.) (mg.%) (mg.%) (mg/min) (mg/min) 
Take UB. 
Take BB. 3.4 
Set up inulin 
infusion. 
cave inulin -60.0 primer. 
Start phosphate -05.0 infusion. 
U.D. oo.o 
B.l . 07.0 46.3 4.2 
u.1. 1.a .. 5 6a.10 0.43 
:B. 2. 26.0. 45.2 5.0 
u.2. 37.5 62.00 1.80 
B.3. 45.5 44.9 5.a 
u .,. 5a.5 50.53 2.31 
B.4 . 68.5 45.3 6.7 
u.4. 7a.5 63.60 3.66 
B.5. a7.5 43.a 7.3 
u.5. 9a.5 47.40 3.39 
B.6. 105.5 46 . 0 7.9 
u.6. 117.5 44.70 3. 63 
B.7. 127.5 44.e s . 5 
u.7. l38.5 62.44 5.91 
B.8. 146.5 45.2 9.2 
u.a. 159.0 49.10 5.50 
B.9 . 166~5 44 .3 10.1 
u.9. 17a.5 67.46 s.71 
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Names B.J .B. 
Date: 13 .11. 56 
EXPERIMENT No. XI 
European le 24 
lieightz 5 ' 10" 
Normal 0-ontrol . 
Weight& 150 lbs. 
Urine collected by: Spontaneous voiding . 
Comments: Good diuresis maintained with oral hydration -
up to 18 ml./min. 
Cumulative Plasma Urine 




iira.ke i.BB. 4.3 






Start phosphat e -05 .0 infusion. 
U.D . oo.o 
B. l. a.o 37. 9 5. 3 
u.1. 21 . 5 60 . 53 o.ao 
B. 2. 29 .0 3e.2 5. 9 
u.2. 41.5 38.28 0.87 
B.3. 51. 5 39 . 4 6. 7 
u.3. 64 . 5 41.61 1. ao 
B.4. 73 . 5 40 .0 7. 5 
u.4. 65.5 52.89 3. 21 
B. 5. 92 . 5 40.a 8. 1 
u. 5. 105 . 5 40.05 2. 85 
B. 6. 112. 0 40 . 8 8 . 8 
u.6. 12; . 5 42 . 50 3. a7 
B.7. 133. 5 41.2 9. 7 
u. 7. 145.5 60 . 90 6. 53 
B. 8. 156 . 5 41. 0 10. 6 
u.a. 171 . 5 34 . 10 4. 60 
B.9. 179.5 40.7 11.4 




Date: 12 . 11. 56 
EXPERIMENT Nos XII 
European Male. 21 
Reighta 610" 
Urine collected ~y1 Spontaneous voiding. 
Normal Control . 
Weight: 165 lbs . 
Comments: G-0od diuresis maintained with oral hydration 
(up to 19.5 ml./min.) 
Plasma Urine Cumulative 
time. 
(mins.) I
nulin Phosphorus Inulin Phosphorus 
(mg.%) (mg.~) (mg/min) (mg/min) 
Take UB. 
Take BB. 

























20 . 0 
28 . 0 
40.0 
47.5 



















46 . 20 0 . 29 
52.50 0. 64 
5.0 













EXPERIMENT Nos XIII 
Names L. McK. White male 28. Normal Control. 
Date: 24 . 10 . 56 Height& 5'11" eights 149 lbs. 
Urine collected by: Spontaneous voiding. 
Comments, Good diuresis maintai ned with oral hydration . 
Bladder emptying probably incomplete due to 
haemorrhoideotomy l week previously. 
Rapid rise in Plasma phosphorus concentration. 
Plasma Urine Cumulative 
time. 
(mine . ) Inu
lin Phosphorus Inulin Phosphorus 
(mg.%) (mg.%) (mg/min) (mg/min) 
Take UB. 
Take BB . 
























- 05 .. 0 
oo .o 
7. 5 
20 . 0 
28 . 0 
41.5 
49 .0 
60 . 5 
69 . 5 
81 . 5 
91. 5 
101.0 
108 . 0 
121.0 
129 . 0 









43 . a 
5 . 1 
52 . 52 0 . 21 
6. :, 
56 .62 
41 . 55 
42 .eo 1. 6:, 
51 . ao 
11.0 
36.60 
12 . 8 
42 .71 
43 . 20 





EXPERIMENT No. XIV 
Coloured Male 29. 
Heights 5' 7t'' 
Eczema. 
eights 129 lbs. 
Calcium (885 mg •. ) infused at progressively increasing speeds 
from t • 0 to t • 180.6 
Urine collected by: Catheter and bladder washout. 
Inulin primer given approx. l hour before UD. 
'l'otal serum protein: 7. 2 grammes%• 
Plasma Urine Time 
(mins) Calcium Phosphorus Inulin Calcium Phosphorus Inulin 
(mg.%) (mg.%) (mg.%) (mg/min) (mg/min) (mg/min) 
BB. 10. 20 
UD. 00.0 
B.l. 13 . 5 10 . 48 
U .1. 29 .o 
B.2. 41 . 5 10 . 8 
U .2. 60 . 7 
B.3. 73.8 11 . 52 
U. 3. 92 .2 
B.4. 104. 7 11.92 
u.4. 121. 5 
B.5. 134 . 8 12.52 
u.5. 152.6 
B.6. 165 . l 13 . 04 
u.6. 180 . 6 
6.24 
32 . 6 
0 . 07 0 . 03 
28. 6 








EXPERIMENT No. XV 
Coloured Ma.le 65. Osteoporosis. 
Date: 2.11.56 Heights 5' 7tn Weights 149 lbs. 
Calcium (1398 mg. ) infused at progressively increasing speeds 
from t • O to t • 179.5 
Urine collected by: Catheter and bladder washout. 
Inulin primer given approx. l hour before UD . 
Total serum protein: 7.2 grammes 'fo. 
Plasma Time 
(udns) Calcium Phosphorus Inulin 
{mg .• ,;) {mg.'fo) (mg.'fo) 
BB. 10.2 
UD. 00.0 
B.1. oe . 5 11. 20 
u.1. 20 . 1 
B.2. 28 . 6 11 . 20 
U .2. 40 . 0 





69 . 6 





12 . 00 
13.28 
B.7. 133 . e 17.60 
u.7. 144.a 
B.8. 151 . 3 18.40 
u.a. 161.3 
B.9. 170.l 17.45 
u.9. 179.5 
,.a 
4.10 43 . 6 
4 . 08 41 . 2 
37.0 
5. 57 
5. 67 29 . a 
Urine 
Calcium Phosphorus Inulin 
(mg/min) (mg/min) {mg/min) 
0.14 0. 34 
0. 19 
0.3a 41 . a 
o . 66 
0 . 95 0 . 60 40 . 2 
1. 28 
1.98 3a .2 
2 . 18 1.49 
2.26 
237 
EXPERIMENT No. XVI 
Name: S. A. Coloured ale 25 Eczema. 
Date: 5.12.56 Height: 5i 8" Weight: 126 lbs. 
Calcium (950 mg.) infused at progressively increasing speeds 
from t • 0 to t • 190.5 
Urine collected by: Catheter and bladder washout . 
Inulin primer given approx. 1 hour before UD. 
Total serum protein: 6.9 grammes%. 
Time Plasma Urine 
(mine) Ca. P. In . Ca. P. In. Na+ K+ 
! 
(mg.%)(mg.%)(mg.%) (mg/min)(mg/min)(mg/min) mEq/min.mEq/min. 
BB. 9.22 3.60 
UD, oo.o 
B.l. e.5 9.44 3.59 27.0 
u.1~ 23.1 0.07 0.12 40.3 .160 .030 
B.2. 51.9 9. 20 3.eo 37.0 
u.2. 45.1 0.09 0 .18 46.3 .193 . 0:57 
B.3. 5:,.1 9.84 4.05 35.0 
u.:,. 66.l. 0.16 0. 25 39.5 . 298 . 040 
:a.4. 74.1 9.a4 4.15 34.7 
u.4. 86.9 0. 29 0.55 41.4 .:,66 . 031 
B.5. 95.4 10.88 4.38 34.0 
u.5. 108.6 0.43 0. 49 39.a .422 .027 
B.6. 116.6 ll.60 4.55 33.4 
u.6. 120.5 0. 70 0.72 . 502 . 025 
B.7. 136.5 12.00 5.02 ;1.7 
u .7. 150. 5 0.71 0. 87 36.9 .543 . 030 
B.8. 15a.5 12.80 5.07 32.1 
u.a. 170.0 0. 90 1.09 . 616 . 033 
B.9. 178.8 13.70 5.32 32.1 
u.9. 190.5 0. 95 1.10 26.7 .633 . 027 
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EXPERIMENT No. XVII 
Namer S.L. Coloured Female 31 Lupus vulgaris 
Dates 16.1.57 Heights 5' Si" Weight: 121 lbs. 
Calcium (1100 mg.) infused at progressively increasing speeds 
from t • O to t • 179.0 
... Urine collected by: Catheter and bladder washout. 
Inulin primer given approx. 1 hour before UD. 
Total serum protein: 7. 9 grammes%. 
Time Pl asma Urine 
(mine) Na+ K+ 
I 
Ca. P. In. Ca. P. In. 
(mg.%)(mg.%)(mg.%) (mg/min)(mg/min)(mg/min) mEq/min.mEq/min. 
BB. 10.50 4.62 
UD. oo.o 
:B.l .. 12.5 10.72 4. 64 37.1 
u.1. 30.5 0. 05 0.37 43.0 .163 .055 
B.2. 43 .0 11.20 4.92 ,1.2 
u.2 . 60.7 0.14 o.,o :,a.a . 29 .0504 
B.;. r,.1 11.76 4.a3 35.6 
u.3. 92 . 2 0. 26 0.36 39.6 .38 .060 
B.4. 104.7 12.48 5.15 34.0 
U .4. 121. 3 0.37 0. 35 ;a.2 .48 .061 
B. 5. 135.; 13.04 5.26 32.a 
u. 5. 154.5 0. 28 0. 32 35.4 .412 .06; 
B.6. 164.5 1;.52 5.so 37.4 
u.6. 179.0 0. 54 0. 44 41.6 .593 . 078 
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Na.me: W.G. 
Date: 10.1.57 
EXPERIMENT No. XVIII 
:Bantu Male 18 
Height: 5' 3" 
Lupus Vulgaris 
Weightt 112 lbs. 
Calcium (1018 mg.) infused at progressively increasing ape.eds 
from t • O to t - 179.4 
Urine collected by: Catheter and bladder washout. 
Inulin primer given approx. 1 hour before UD. 
Total serum protein: 7.4 grammes%. 
Time Pl asma Urine I 
(mine) Ca . P. In. Ca. P. In. Na+ K+ l 
(mg.%){mg.%)(mg.%) (mg/min)(mg/min)(mg/min) mEq/min.mEq/min. 
BB. 10.62 4.81 
UD. oo.o 
B.l. 12.2 10.88 4.a5 35.9 
u.1. 28.5 0 .21 42.2 .1302 .128 
B. 2. 42.0 11.04 5.22 34.a 
u.2. 59.5 0 . 001 0 .28 37.3 .205 .099 
:a .3. 73.5 11.92 5. 40 33.0 
u.:,. a9.5 0 .270 0. 40 36.2 .345 .079 
:a.4. 102 . 0 12.64 5.64 29.4 
u .4. 120.2 o.3ao 0.56 a5.2 .366 . 0885 
B.5. 132.2 13.76 6.13 27.0 
u. 5. 152.2 1.200 0 .69 34. 2 .512 . 096 
B.6. 162.7 14.48 6.15 27.a 
u .6. 179.4 0 .900 0.77 28.4 .7a4 .119 
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EXPERIMENT No . XIX 
Name: F. S. Bantu male 35 Convalescent empyema. 
Date: 0. 1.57 Heighta 5' 10" Weight: 174 lbs. 
Calcium (1118 mg. ) infused at progressively increasing speeds 
from t • 0 to t - 17a.5 
Urine collected by: Catheter and bladder washout. 
Inulin primer given approx. 1 hour before UD. 
Total serum protein: 7. 8 grammes%. 
t<, 
Time Plasma Urine 
' (mine) Calcium Phosphorus Inulin Calcium Phosphorus Inulin 
' 
(mg.%) (mg.%) (mg.%) {mg/min) (mg/min) (mg/min) 
BB. 10 .02 3. a5 
UD. oo.o 
B.l. 13 .0 10. 56 ; .. 76 40 . 6 
u.1. 30 . 5 0.06 0. 39 31.l 
B.2. 44.5 10. 88 3. 86 35 . 0 
u.2 . 60 . 5 0. 07 0. 52 31. 7 
B. 3. 73 . 5 11. 52 4.18 34 . 3 
u.;. 91.1 0. 18 0 . 72 32 . 6 
B. 4. 104. 1 12.00 4.46 33 .7 
u.4. 121. 6 0. 46 0. 87 30.9 
:s . 5. 134. 1 12 . 64 4. a1 29 .4 
u. 5. 154 . 5 o. a7 1.23 28 .0 
B.6. 167 . 5 13 . ;6 4.9e 25 . 3 




EXPERIMENT No . XX 
Namei H. A. Coloured Male 32 . Hysterical paraplegia ... 
Date: 3.10. 55. Height: 51 lOtt. Weight: 132 lbs. 
Calcium (1350 mg. ) infused at a. constant rate between t • 41 , 5 
and t • 106.5 
Urine collected by, Catheter and bladder washout. 
Inulin primer gi•en approx .i - hour before UD. 
Time Plasma 
(mins) Calcium Phosphorus Inulin 
(mg.%) (mg.%) (mg.%) 
BB . 10.0 
UD. 00.0 
:a .1. 9. 5 10.1 
U . 1. 20_. 5 
B.2. - 30 . 5 10. l 
u.2 . 45 . 5 
B., . 55 . 5 15.8 
U .3. 66 .0, 
:a.4. 77.0 17.1 
u.4. s7 . 5 
B.5 . 98 . 5 20 . l 
u.5. 109.5 
B.6. 119. 5 19. 7 
u.6 . 137. 5 
B.7. 148.5 18. 6 
u.7. 162 . 5 
B. 8 . 178.5 17 . 6 
u.a . 194. 5 
B.9 . 225 . 5 16. 6 
u.9 . 255 . 5 
B.10 . 284 . 5 16.0 
u.10. 314 .5 
B. 11. 375 . 5 16 . 2 
U .11. 40 !,3. 5 
:,.60 
3.65 
, •. 87 32 . 5 
4. 59 
5.06 
20 . 0 
5. 95 19. a 




Calcium Phosphorus Inulin 
(mg/min) (mg/min) {mg/min) 
0. 35 o. :,a 17. 76 
0. 29 
o.oa 
0. 69 0. 98 
1. 15 1.02 
1. 04 2 . 00 
1.41 1.93 16.72 
1. 23 16 . 84 
0 .. 82 1 . 12 1e . 52 
o . 68 
0. 55 14.04 
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EXPERIMENT No . XXI 
Name: A.A . Coloured Ma.le ,o .. Psychoneurosis. 
Dat e, 11 . 10 . 55 Height s 5' 10" Weights 130 lbs .• 
Calcium (1350 mg .• ) infused at a constant r4t e between t .. 47 . 0 
and t • 110. 0 
Urine collected by: Catheter and, bladder w~hout. 
Inulin primer gi ven approx. {--hour before UD . 
Time Plasma Urine 
(mins) Calcium Phosphorus Inulin 
(mg.%) (mg.%) (mg.%)-
Calcium Phosphorus Inulin 
(mg/min) (mg/min) (mg/min) 
BB . 10. 20 2. 7· 
UD. oo.o 
B. l . 10 . 0 10 . 2 2.5 19 . 2 
u . 1. 23 . 0 0.01 0 . 19 21 . 96 
:a .2. 35 .0 10. 7 2.6 17 . 9 
U. 2. 47 .0 0 . 01 0 . 17 20 . 13 
B.}. 57 . 5 12 . 3 2 . 7 16 . 0 
u.3. 67 . 5 0 . 19 0 . 30 19 . 41 
B.4 . 7s . o 13 . 3 3. 1 17 . 0 
u.4 . a9 .o 0. 05 0 . 48 17 . 21 
B.5 . 99 .0 16. 8 3.a 17. 0 
u.5 . 110 . 0 1 . 96 o.ee 13 . 24 
B.6 . 120 . 0 18.7 4. 5 18. 1 
u.6 . 1;1 . 0 1 . 27 1 . 01 14 . 67 
:a . 7. 142 . 0 16 . 9 4 .. 9 17.0 
u. 7. 152 . 0 0 . 52 0. 9a 14. 33 
:a.a. 181 . 5 17 . 5 4 . 9 19 . 0 
u.a. 212 . 0 0. 62 0.77 15 . 03 
B.9 . 242 . 0 16. s 5.2 21 . 1 
u.9. 272 . 0 0 . 49 0 . 50 16 .47 
:a.10. 302 . 0 15 . 2 5. 3 19 . 5 
u.10. 332 . 5 0 . 32 0. 36 15 . 57 
B.11. 392 .0 14.4 5. 5 19 . 3 
u.11. 452 .0 0 . 22 0 . 26 19.17 
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--
EXPERIMENT No . XXII 
Name: S.M. :Bantu Ma.le 30. Convalescent gastrectomy 
for peptic ulcer. 
Dat.e, 20 . 10 .55 Height: 5' ll" Weight: 160 lbs. 
Calcium (1350 mg.) infused at a constant rate between t • 4s .o 
and t • 110.5 
Urine collected byaCatheter and bladder washout. . Inulin primer given approx. 20 mins. before UD. 
Time . 
(mins) Ca. P. In. Ca. P. In. Na+ 
(mg.%) (mg.%) (mg.%) (mg/min) (mg/min) (mg/min) mEq/min. 
-
BB. 10 . 6 3.4 
UD. oo.o 
B.l. 11. 5 10.6 ,.4 14 .7 
U.l. 21 .0 0.30 o . :,s 16.14 0. 19 
B.2 . 31.0 10. 5 3.5 16 . 3 
u.2. 48.0 0. 20 0.44 18.04 0. 20 
B.3. 5a.5 14 .0 3.7 17 . 3 
u. :,. 68 . 0 0.71 0. 93 26.15 0. 97 
B.4. 7a.o 15. 9 4.2 19 . 9 
u.4. 88 . 5 1.01 1.19 . 29 . 32 1. 40 
B.5. 9e.5 16.7 4.6 19. 9 
u.5. 110.5 1.21 1.40 25 . 82 1.60 
B.6. 120. 5 18.4 5.0 19 . 2 
l u.6 . 131.5 1. 01 1.38 24.62 1.40 
B.7. 141.5 18.4 5.2 21.1 
u.7. 151.5 1.14 1.54 21 . 10 1.60 
B.8. 167.0 16.7 ;.2 21.9 
U.8. 181.5 1.05 1.31 24.33 1.20 
r B.9. 197.5 17.3 5.3 22 .4 
u.9 . 212 .0 0. 82 1.12 24.39 0. 91 
13 .10. 227 .5 15.a 5.4 22.a 
U.10. 242.0 0 . 63 0 . 92 29.20 0.70 
B.11. 302.5 15.a 5.3 22.4 
u.1ai. 362.0 0. 35 0. 43 24 .oa 0 . 26 
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EXPERIMENT No. XXIII 
Names O. L. Coloured Male 25 Normal 
Date: 15.11.55 Heights 5' 8" Weight: 145 lbs. 
Calcium (1350 mg.) infused at constant rate between 
t • 44.0 and t"" 103.0 
Urine collected by: Catheter and bladder washout. 
Inulin primer given approx . hour before UD . 
Time 
(mine Ca. P. In. Ca. P. In. Na 
(mg.%) (mg.%) (mg.%) (mg/min) (mg/min) (mg/min) mEq/min. 
BB. 10 . 6 3.6 
UD . oo .o 
B.l . 10 . 0 10 . 6 3 . 6 12.1 
u.1. 20 . 5 0 . 04 0.10 13 . 9 0 . 07 
B.2. 30 . 5 10.6 , •. 7 13 . 6 
U.2 . 42.5 0 . 04 0.12 . 12 . 1 0 . 06 
B.3 . 54. 5 13 . 9 4 . 0 12 . 1 
u. 3. 62 . 5 0 . 12 0 . 19 14 . 0 0 . 10 
B.4. 75.0 15 . 8 5.2 13 . 6 
u.4. 83 . 0 0 . 51 0 . 61 14 . 3 0 . 26 
B.5. 94 . 0 17.1 5.9 12 . 8 
u.5. 103 . 0 0 . 75 0 .76 10 . 6 0. 33 
B.6 . 114 . 0 20 . 0 6 . 9 15 . 9 
u.6 . 125.0 0 . 64 1 . 10 15. 2 0 . 51 
B. 7. 140 . 0 1a.4 7. 3 15 . 9 
u.7. 157. 5 1.85 1 . 66 13 . 2 1.44 
B.8. 172.5 17 . a 7. 1 15. 9 
U.S. 188 . 5 1 . 28 1.26 13 . 1 1.05 
B.9. 203 . 5 18 . 2 6.6 18 . l 
u.9. 220 . 0 0 . 62 0 . 71 14 . 4 0 . 49 
B.10. 250 . 0 16 . 8 6. 6 16 . 6 
u .10. 280 . 0 0 . 30 0 . 45 14 . 1 0 .15 
B.11. 320. 0 6.9 15 . 9 
u.11. 340 . 0 0 . 15 0 . 34 13 . 0 0 . 04 
B. 12. 370 . 0 15 . 2 7.0 18.1 
u.12. 400.0 0. 26 0 . 35 14. 0 o.oz 
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EXPERIMENT No . XXIV 
Name: L. B. Coloured Male 32. Obsessional neurosis. 
Date: 4.11 . 55 Height: 5' 10" eight: 150 lbs. 
Calcium (1350 mg.) i nfused at constant rate bet ween 
t • 62 . 5 and t - 126 .0 
Urine collected by: Catheter and bladder washout. 
Inulin primer gi ven appr ox . t - hour before UD . 
Time Plasma Urine 
(mine) Ca . P. In. Ca. P. In. Na 
mg.%) (mg.%) (mg .%) (mg/min) {mg/min) (mg/min) mEq/mi n. 
BB. 10. 4 3.0 
UD. oo.o 
B.1 . 9. 5 10. 6 3. 1 19.6 
u.1 . 20 . 5 0 . 11 0. 11 2:, . 6 0. 25 
B. 2. 31.0 10 . 6 3. 2 19 . 6 
u.2. 41. 5 0 .12 0. 13 2:, . 6 0. 25 
B. :, . 51. 5 10 . 5 3. 3 17. s 
u.:,. 62.5 0. 12 0. 21 24 .0 0. 27 
B.4. 72. 5 13. 6 :,. 5 17. a 
u.4 . 8-4 . 5 0.75 0. 52 24 . 9 0. 59 
B. 5. 94 . 5 17. 3 4. 8 19. 6 
U. 5. 104. 5 1. 5a 1.07 28 . 3 0. 85 
B. 6. 115 .0 20 . 1 5. 6 20 . 4 
u . 6. 126. 0 1.26 1 .01 18. 8 0. 60 
B. 7. 1:,5 .0 19. 7 7. 0 22 . 2 
u . 7. 147.0 0. 67 1.56 23 . 7 0. 03 
B. 8. 15e.o 17. e 6. 8 21 . 3 
u.a. 167 . 5 1. 34 2. 45 29 . 3 o. a4 
B.9 . 1a2 . 5 16 . 9 6. 6 26 . 7 
u.9. 198.0 1. 58 2. 18 :,a. 7 1.27 
B.10. 228 . 0 15. 9 5. 9 24 . 9 
U .10. 25a.5 1.08 1. 60 34. 2 0. 73 
B.11 . 2a9 . 5 15. 0 5. 9 24 . 9 
u . 11. 309 .. 0 0. 62 1.32 31.7 0. 28 
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Subject: U. G. 
Date: 27.a.56. 
EXPERIMENT Nos XXV 
Coloured Female 18 
Height: 4 ' 3" 
Normal Control. 
Weights 83 lbs. 
Urine collected by: Catheter a.nd bladder washout. 
Parathormone 400 units administered intravenously at t ""61.5 
Event Time Serum Urine (m1ns) P. Inulin P. Inulin 
{mg.%) {mg.%) {mg/min) {mg/min) 




















u .12 . 
oo.o 
7. 5 
21 . 0 
29 . 0 
41 . 0 
49.0 
61 . 5 






129 . 5 
141 . 0 
3.71 





202 . 0 
209 . 0 
222 . 0 




0 . 20 16. 1 
0. 21 17 .,4 
0 . 24 18.0 
32 . a 
0. 45 16.; 
0 . 69 16.1 
0 . 64 16.6 
0 . 62 21 . 1 
41.9 







Date: 13 . a . 56. 
EXPERIMENT Noa XX.VI 
Malay Male 22 
Height: 5' O" 
Normal Control. 
Weight: 120 lbs. 
Urine collected by: Catheter and bladder washout . 
Parat hormone 400 units administered intravenously at t • 72. 
Time Serum Urine 
Event (mine) Ca. P. Inulin Ca . P. Inulin 
(mg.%) (mg.%) (mg. %) (mg/ min)(mg/min)(mg/min) 
Inulin primer -60 . 0 
UD . oo .o 
B. l. 7. 5 8. 64 3.26 43.0 
u.1. 49 .0 0. 06 0. 22 49 .6 
B. 2. 56 . 5 a.so 3. 01 39 . 5 
u.2. 69 .0 o.oa 0. 15 41 .0 
B. 3. 76. 5 9. 45 3.14 41.5 
u. 3. 90. 0 0. 13 0. 35 44 . a 
B. 4. 104. 0 9. 45 3. 35 45 .6 
u.4 . 110. 0 0. 09 0. 79 47 .1 
B.5. 117 . 5 9. 60 3. 38 43 . a 
u.5. 132 . 0 0 . 07 0. 70 36 . 8 
B.6. 139. 5 9. 29 3.19 .59 . 0 
u.6. 152. 0 0. 04 0. 60 31~0 
B.7 . 159 .5 9. 76 3.76 33 .0 
u.7. 172 .0 0. 02 0. 64 39 . 6 
B. 8. 182 .0 - - -
u.a. 192. 0 0.03 0. 61 27. 0 
B.9. 200 . 0 - - 30 . 0 
u.9 . 212 . 0 0. 03 o. a3 37 . 2 
B.10. 220.5 9.60 3. a7 40 . 6 
u. 10. 232 . 0 0. 03 0 . 88 45 . 6 
B.11. 239 . 5 9. 60 3. 82 40 . 6 
u.11. 252 . 0 0.06 0. 91 47 .6 
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Subject: T.M. 
Dates 27.4. 56. 
EXPERIMENT Not XXVII 
Bantu Male 3a. 
Height, 5' 9" 
Sciatic Syndrome . 
Weight, 143 lbs .. 
Urine collected by: Catheter and bladder washout . 
Parathormone 400 units administered intravenously at t • 59 . 
Blood sampling at 5 min . intervals from indwelling intra-arterial 
needle,. and specimens. for each period pooled. 
Sterile buffered phosphate solution infused at constant rate 
from t • -32.0 to t • 204 . 0 
· Time Serum Urine 
! 
Event (mine) Ca. P. Inulin Ca. P. Inulin 
(mg.%) (mg.%) (mg.%) (mg/min)(mg/min)(mg/min) 
Primer - 32.0 
UD. oo.o 
B.l. 10.l 15.56 56 . 5 
u.1. 20.0 0.07 14. 7 66 . 3 
B.2. a . 9 14. 56 52 . 6 
u.2. 40 . 0 0 . 07 1:, . a 60 . 4 
B.3. 9.1 13 . 33 4a.4 
u.3. 59. 0 0. 12 12 . a 55.2 
B.4. 9. 1 12 . 48 46 . 7 
u.4. ao .o 0. 24 18 . 6 89.1 
:s.5. 9.1 12. 15 45 . 2 
u . 5. 100.0 0. 13 13. 0 60 . 0 
B. 6. 9.3 11 . 36 41.3 
U.6. 127. 0 0 . 09 10.9 45 . 6 
B.7. 9. 6 11 . 32 41 • .3 
u . 7. 145 . 0 0 . 12 9.3 43 . 2 
B.8. 9. 6 10. 64 40 . 6 
u . a . 166 . 0 0.06 10.4 47.4 
B.9. 9. a 10. 31 39 . a 
u.9. 1a4.5 0.05 10. 2 4a.3 
B.10. 10,4 10. 0:, 36 . 9 
u.10. 204.0 0.05 9. 7 44 . 9 
Subject: J.J . 
Date: 8. 6. 56. 
EXPERIMENT Noa XXVIII 
Coloured Male 35 
Height, 5' 7" 
Normal control . 
Weight: 157 lbs . 
Urine collected by: Catheter and bladder washout . 
Parathormone 400 units administered intravenously at t • 60 . 
Time Serum Urine 
(mins) Ca. P. Inulin Co.. P. Inulin 
(mg.%) (mg.%) (mg.%) (mg/min)(mg/min)(mg/min) 
Inulin primer - 60.0 
UD . oo.o 
B .1. 7.5 11 . 2 3. 45 21..5 
u.1 . 19. 5 0. 05 0 .. 29 35 .4 
B. 2. 27 . 5 11.2 3. 50 24 . 1 
u . 2. 40 .0 0.05 0. 31 37 . 5 
B. 3. 47.5 11.1 3. 70 22 . 6 
u.3. 60.0. 0. 04 0. 29 30 . 3 
B.4. 67 . 5 11.4 3. 56 23 . 7 
u.4 . ao.o 0. 05 0. 51 36 . 6 
B. 5. a7 .5 11 .0 3. 51 23 . 9 
u. 5. 100.0 0. 07 o.a4 35 .a 
B.6 . 107 . 5 11.0 :, . 66 22.4 
u . 6. 120 .0 0.06 0. 92 36 . a 
B. 7. 128. 5 11 . 0 3. 74 22 . 5 
u.7. 140. 0 0. 04 0. 83 35 . 3 
B.8 . 147. 5 11 . 2 3. 55 22 . l 
u.a. 160.0 0 . 01 0.77 35 . 3 
B.9. 167 . 5 10. 9 3. 60 19. s 
u.9 . 181 .0 0 . 01 0 . 72 37 . 2 
:s.10. 1ss .5 10.6 3.63 21.1 
u.10. 202.0 0 . 04 0. 70 35 . 7 
B.11. 213 .0 10. 2 3. 68 19. 6 
u.11. 227 . 0 0. 01 o.e5 33 . a 
B.12. 234.5 10.2 :,.90 19. a 
u.12 . 247.0 0. 04 0. 71 33 .6 
2 r.: 0 . t) ·~,, 
EXPERIKENT Noa XX.IX 
Subjeota J . J . Coloured Male 35 Normal control. 
Date: 11.6. 56. Height: 5'7° eights 157 lbs . 
Urine collected by: Catheter and bladder washout. 
Par athormone 400 units administered intravenously at t • 60. 
Sterile buffered phosphate solution infused at constant rate 
from t • -60 .0 to t • 244 . 5 
Event Time Serum Urine (mine) Ca. P . Inulin Ca . P. Inuli n 
(mg.%) (mg.~) (mg.%) (mg/min)(mg/min)(mg/ min) 
Pri mer -60 .0 
UD. oo.o 
B. l . 7. 5 9.6 6. 84 21 . 7 
u.1 . 20 .0 0.03 3.66 32 . 5 
B.2. 27 . 5 9. 6 7. 38 25 .0 
u. 2. 40 . 0 0. 02 4.06 37. 9 
B.3 . 47. 5 10. 1 7. 48 25 . 2 
u.3 . 60 .0 0 . 03 3.63 35 . 1 
B.4. 67 . 5 9. 6 6. 98 26 . 3 
u. 4. 80 .0 0.14 5. 23 42 . 5 
B. 5. 88 .0 9. 6 6. 90 26 . 0 
u. 5. 100. 5 0.06 5. 98 40 . 3 
B. 6. 108.0 9. 6 6. 96 25 . a 
u.6 . 120. 5 0. 05 4. e9 41.2 
B.7. 130. 0 9. 3 7. 03 25 . 6 
u. 7. 144. 5 0 . 03 4.17 31 . 6 
B. 8. 152 .0 10. 1 6. 96 23 . 5 
u . e . 164. 5 0.03 3. 07 30 . 1 
B. 9. 172.0 10. 6 6. 90 22 .9 
u.9 . 104 . 5 0. 04 3.07 32 . 7 
B. 10 . 192 .0 10 . 7 7. 45 26 . 9 
u.10. 204. 5 0.02 3. 70 30 . 2 
B. 11. 212 .0 10. 4 7. 30 24 . 3 
u.11. 224 . 5 0. 02 3.78 30 . 3 
B.12 . 232 . 0 9. e 7.14 25 .0 
u. 12 . 244 . 5 0. 01 4. 28 32 .0 
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EXPfillIMENT Nos XXX 
Subjects H.R. European Male 53. Acromegaly. 
Date: 27.6.56. Height: 5' 9" Weights 197 lbs. 
Urine collected by: Catheter and bladder washout. 
Parathormone 400 units administered intravenously at t • 60. 
Event Time 
Serum Urine 
(mine Ca. P. Inulin Ca. P. Inulin 
(mg.%) (mg.%) (mg.%) (mg/min)(mg/min)(mg/min) 
Inulin primer 
UD. oo.o 
B. l. 7.5 8.72 4.50 27.2 
u.1 . 20.0 0.1, 1.11 37.3 
B.2. 27.5 9. 60 5.13 27.4 
u.2. 40.0 0.10 0. 74 32.5 
B.3. 47 . 5 a.so 5.03 28 . 2 
u;3. 60.0 0.11 0. 80 32 . 6 
B.4. 67.5 a.64 4. 96 28.2 
u.4. 80.0 0 .12 1 . 18 43.a 
B.5. a7.5 a.so 5.27 27.3 
u.5. 100.0 0.11 1.51 51.5 
B.6. 108.0 9.12 4.39 27.9 
u .. 6. 120.0 0.12 1.26 47.4 
B.7. 127 . 5 9. 12 4.78 2a.4 
u.7. 140 . 0 0.08 1.39 52 . 0 
B.8. 147.5 8 . 80 5.06 2a.3 
u.a. 160.0 0.07 1.03 35 . 4 
B.9. 167.5 8. 80 4.78 28.1 
u.9. 180.0 0.06 0. 79 27 .0 
B.10. 1a7.5 8. 96 4.98 29.4 
u.10 . 200.0 0.09 o.a1 37.5 
B.11. 207.5 8. 80 4.a5 30.1 
u.11. 220.5 o.oa 0. 91 43 .4 
B.12. 228.0 a.96 5.42 31.0 
u. 12 240.0 o.oa 0. 79 39 .0 
2 r: ?. tJ 1-.J 
EXPERIMENT No: XXXI 
Subject : H. R. European Male 53 . Acromegaly . 
Date: 2. 7.56. Heights 5' 9" Weight s 197 lbs . 
Urine collected byaCa.the t er and bladder washout. 
Parathormone 400 units administered intravenously at t • 60 . 
Sterile buffered phosphate solution infused at constant rate 
from t • - 60 t o t • 240 . 0 
Event Ti me (mins) Ca. P. Inulin Ca. P. Inuli n 
(mg.%) (mg.~) (mg.%) (mg/min)(mg/min)(mg/min) 
Primer - 60 . 0 
UD. oo.o 
B. l . 7. 5 9. 12 7. 28 26 . 7 
u . 1 . 20.0 0 . 01 3. 45 36 . 2 
B. 2. 27. 5 8. 16 7. 45 27 . 2 
u . 2. 40 . 0 0 . 05 3. 13 34 . 5 
B. 3. 47. 5 9. 28 7. 54 27 . 7 
u . 3. 60 . 0 0 . 05 3. 46 37 . 2 
B. 4 . 67 . 5 9. 12 7.34 27 . 1 
u . 4. ao .o 0. 07 4 . 42 42 . s 
:a.5 . 87 . 5 9. 28 7. 40 27 . 4 
u . 5. 100. 0 0. 03 4 . 28 3a .1 
B. 6. 107. 5 a . 4a 7. 29 28 . l 
u.6. 120.0 0. 03 3. 23 29 . 5 
B.7. 127. 5 9. 12 7. 39 27.9 
u.7. 140. 0 0. 02 2. 51 23 .1 
B. 8. 147.5 9.12 7. 30 27. 9 
u . a . 160 . 0 6. 38 52 . 4 
B.9. 167. 5 9. 28 7. 46 28 . 8 
u.9. 180 . 0 0. 02 3. 54 32 . 0 
B. 10. 1a7 . 5 9. 12 7.40 28 . 1 
u . 10. 200 . 0 0 . 04 4 . 35 39 . 9 
B.11. 208 . 0 9. 43 7. 65 28 . 0 
u.11. 220 . 5 0 . 04 4 . 19 37 . 5 
B. 12 . 228 . 0 a . 96 7. 55 26 . 1 
u . 12. 240 . 0 o.o; 3. 92 35 . 4 
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EXPERIMENT No s XXXII 
Subj ects E. B. Coloured Female 38 Hypoparathyr oidi sm . 
Date: 17. 1. 56 Height: 5' 4" eights 148 lbs . 
Urine collected by: Catheter and bladder washout . 
Calcium (1350 mg . ) infused at constant rate from t • 43 . 5 tot• 90 ,0 
Patient had been off all t herapy for 4 weeks pri or to the performance 
of the experi ment. 
Chvostek ' s and Trousseau ' s signs positive . 
Inulin primer given 30 mine . before UD. 
Time Serum Urine (mins) ...... __.C!"'"a _ __ p___ .... I_n_u".!"'li--n---1--C".!"'a------~p---------I~n-u".!"'lin- -
(mg.%) (mg.%) (mg.%) (mg. /min.) (mg. /min . ) (mg./min. ) 
UD. 00 . 0 
B. 1. 
0 .1. 




23 . 5 
33. 5 
43 . 5 
54.5 
u.3. 63 . 5 
B.4. 74 . 0 
u.4. 90.0 
B. 5. 10. 15 
u.5 .. 113 . 0 
B.6. 124.0 
u.6. 136 . 0 
B.7. 146 .0 
U. 7. 166. 5 
B. 8. 181 . 0 
u.a. 197 . 5 
B.9. 228.0 
u .. 9. 257.5 
B.10. 2a9 .o 
u.10. 320.0 
8. 6 
15 . 5 
10 . 8 
11.4 
11.3 
12 . 5 
13. 9 
a.1 
14 . 2 
13 .. 6 
0. 17 
o.6a 22 . 3 0. 33 
o. a6 
1 . 02 
21 . 5 1 . 27 
2. 54 1.40 
2. 85 1.01 
2 . 16 0. 64 
1.43 0 . 23 
1 . 25 2a . 5 0.12 
254 
EXPERIMENT No: XXXIII 
Subject: H.W. 
Date: 22 .1. 57 
European Female Hypoparathyroidism 
alignant Exophthalmos 
Height: 5' 6" Weight: 145 lbs. 
Urine collected by: Spontaneous voiding .. 
Calcium (1320 mg. ) infused at progressively increasing speeds 
from t • 00 . O to t • 180 . 5 
P~tient on Ca.lcii'erol and prednisone at time of experiment. 
Inulin primer given approx. l hour prior to t:JD. 
Time Serum Urine --------------------------(min s) Ca P Inulin Ca P 
un. oo.o 
:B.l. 10 . 0 
u.1 . 21.5 
B. 2 . 31.0 
U. 2. 41. 7 
13. :,. 50 . 7 
u. ;. 62 . 5 
B.4. 70 . 5 
u . 4. a4 . 3 
B.5. 92 . 6 
u.5. 103 . 6 
B. 6. 111.4 
u.6 . 122.a 
B.7. 130 . 6 
u.7. 142 . s 
B.8 . 150 . 8 
u.a . 161.3 
B. 9. 168. 8 
u.9. 1ao. 5 
(mg. %,) (mg.%) (mg. %) (mg. /min . ) (mg./min. ) 
0.08 0.11 
10. 00 3. 76 
0 . 82 1.40 
9. 76 3. 50 
0 . 81 1.17 
10.00 3.32 
0 . 91 0 . 90 
10 . 00 3.58 
1.12 
10. 80 ; . 90 
2.54 0 .. 91 
;0. 1 
1. 67 









:,0 . 2 
46 . 0 
41 . a 
37 . 5 
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EXPERIMENT Nos XXXIV 
Subject: N.N. Bantu Male 31 Sarooidosis. 
De.te: 23.1 .57 Height: 51 9" Weights 168 lbs. 
Urine collected by: Spontaneous voiding. 
Calcium (2,_000 mg.) administered intravenously at progressively 
increasing speeds from t = 0 to t • 180 .. 6 mins. 
Inulin primer given approx. 60 mins .. before UD. 
Time Serum Urine, 
(mins) Ca p Inulin Ca p Inuli.n Na+ K+ 
{mg.%)(mg.%)(mg.%) (mg/min)(mg/min){mg/min) mEq/min. mEq/min 
UD . oo .o 
B.l. 7.5 10.oa 3.13 40.0 
U.l. 20.5 o.6a 0 .32 37.1 0 . 280 0 . 066 
B.2. 28 . 0 10 . 64 3.13 42.5 
u.2. 43 . 5 0.67 0. 45 35 . 1 0. 275 0.064 
B.}. 51.0 10.80 3.17 43 . 4 
u .3. 62 . 5 1.14 0. 47 36 . 6 0. 594 0.127 
:s .. 4._ 71. 0 11 . 28 3.52 ;a.2 
u.4. a:,.1 1. 48 0 . 56 34.9 0. 432 0.076 
:s.5. 91 .1 11.52 3.55 ,1 .1 
u.5. 103.6 2 . 03 0.86 3;.6 0.700 0.095 
B.6. 110 . 6 12 . 08 3.74 ;a.5 
u.6. 122 . l 2. 36 1 . 25 36.4 0.740 o.09e 
B.7. 130.1 12.48 3.87 39.1 
u.1. 142.a 2. 90 1.45 38.l 0 . 886 0.107 
B.8. 149.e 12.72 4.26 37 .. 5 
u.a. 161.3 :,.:;a 1.76 36.8 1.198 0.132 
B.9. 168.:, 13 . 04 4.74 34 . 9 
u.9. 1S0.6 :,.61 l . 85 36.l 1.63:, 0.158 
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EXPERIMENT Noz xx.xv 
Subject : A. C. Bantu Female 26 Sarcoidosis. 
Date& 19 . 12 . 56. Height: 5 ' 3" Weights 123 lbs . 
Urine collected bys Indwelling catheter and bladder washout 
Calcium (839 mg. ) administered at progressively increasing speeds 
from t • 0 to t • 179. 4 
Inulin primer given 60 mine. before UD . 
Time Serum Urine 
(mins Ca p Inulin Ca. p InuU.n Na+ K+ 
(mg.%) {mg.%) (mg.%) (mg/min){mg/min){mg/min) mEq/ min. mEq/ mii 
UD . oo .o 
B. l. 8. 5 12 . 09 5. 20 88 . 4 
u.1. 20 . 5 0. 35 o.66 23.8 0. 138 0.051 
B. 2. 27 . 5 12 . 96 5. 35 a6 .o 
u. 2. 40 . 2 0. 41 0. 69 20 . 9 0.185 0.060 
B.3. 47 . 7 13 . 52 5. 55 e9 .o 
u.3 . 60 . 5 0. 47 0. 79 20 . 5 0. 276 0.067 
B. 4. 68 . 5 13. 36 5. 22 93 . 2 
u.4. 80. 9 0. 55 o •. 6a 20.2 0. 285 0.05a 
B.5. 89 . 9 13. 76 5. 26 90 . a 
u.5 . 100. 9 0. 69 0. 76 20.2 0. 336 0.066 
B.6 . 1oa .9 13. 92 5.02 101.l 
u.6 . 121 .0 o. a3 0. 79 23 .4 0. 428 0. 072 
B.7. 12a.5 14. aa 4.88 101.l 
u.7. 140.0 0. 93 0. 81 24.4 0.465 0.079 
B.8 . 147.5 15 . 44 5.04 102 .0 
u.s . 160. 2 0. 95 o.e4 24 . 3 0.512 0.086 
B.9 . 16a. 7 15 . 92 5.15 126 . 4 
u.9. 179. 4 1.04 0.86 25.0 0.551 0. 089 
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CASE E.B. (No . 39859) , a 38- year old Coloured female, was seen 
first at Groote Schuur Hospital in December o~ 1955 complaining 
of symptoms of tetany and hoarseness of voice . 
These symptoms had been present for 8 years, following 
the last of three operations on the thyroid for a goitre that she 
had had since childhood . 
Clinical examination revealed a generally well woman , with 
no evidence of hypothyroidism or systemic disease . She had signs 
of latent tetany with ridging of the finger nails . No other 
form of ectodermal dysplasia was present . 
Initial laboratory examination revealed a serum calcium 
concentration of 5.9 mg%, serum inorganic phosphorus concentration 
of 6.2 mg% and a urinary calcium output of leas than 25 mg/24 hours . 
She remains symptom free and normocalcaemic on Calciferol 
50,000 units daily and calcium gluconate 2 grammes t . i . d . 
All therapy was withheld for 2 weeks before the experiment 
described on page 254 was performed. 
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CASE H •• (No. 332.532) , a 37-year old European female; underwent 
a subtotal thyroidectomy in 1946 for symptoms of weight loss and 
mild proptosis following the birth of ber second child. 
Tetany supervened within three days of the operation and 
has remained since albeit relieved by calcium lactate and cal-
citerol . Myxoedema appeared within three months of the operation , 
and exophthalmos and opthalmoplegia developed and progressed 
until 1948 . 
Examination at the time of the experiment described on 
page 255 revealed a well covered and generally healthy woman 
with moderate bilateral exophthalmos. lid retraction and para-
lysis of right upward gaze . 
No signs of tetany were present as therapy was not with• 
drawn before the experiment . 
The exopbthalmos had improved considerably on prednisune 
20 mg daily . 
This case has been reported in greater detail by Jackson 
(138) . 
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APP EI» IX B. 
Genef'a.l. 
Intuaton 'l'eohnlquea Emplo7eci. 






filtrat.ion ra.te was estimated from the clearance of 
UV1n X 100 
Pin G.F.B.. -
where UV1n • rate of excretion of inulin in mg. /min. 
P1n • plasma inulin concentration in mg.% 
The filtered load was calculated a.s the product of the glomerular 
filtration rate and the plasma eonoentration in mg. /ml. 
The rate of tubular rea.bsorption was calculated as the difference 
bet1reen the f'iltel"ed load and the rate of excretion. 
The eoncentration of inulin and phosphate in the glomerular filtrate 
was presumed to be identical with that in the serum. 
Urinary collection periods were timed by simultaneously pressing 
t wo stop watches, to start the one and to stop the other. 
The urine specimens, after being passed, were diluted immediately 
with distilled water to give a minute volume of 30 ml . /min . 
l <>°fo pyrogen tree inulin solution as aupplied by Messrs . Kerfoot 
was used for intraTenous infusion. 
A solution of sterile buffered phosphate was prepared from the 
recipe given by Anderson< 12 ) to contain l G% of .phosphorus · a t 
pH 7.4. This solution, after preparation, was sterilised by 
filtration and autoclaving and the pH was checked with a Beokman 
model G pH meter before use . 
10% caloium gluconate solution was used in the calcium experiments. 
9 ~ f) i:.iv u 
INFUSION TECHNIQUES EMPLOYED 
en a constant rate of infusion was required, the simple 
and inexpensive apparatus of Josephs and Schnieden (Josephs, M~, 
and Schnieden, H. 1955. Lancet 268: }88) was used .. This proved 
most effective in maintaining a constant rate of flow, and could 
be ca librated with reasonable accuracy to deliver any amount 
required in a given time. 
A constant infusion machine was used £or administering 
solutions at progressively increasing speeds. This machine uses 
the principle of a fixed syringe, the piston of which is driven 
in by a pushrod. The speed at which the pushrod is extruded, and 
hence the rate of flow from the syringe, can be regulated by means 
of a dial on the face plat~ of the machine. The machine was 
calibrated using a. 50 ml. syringe, and a. graph drawn from these 
readings in such a way that the dial setting could be obtained for 
any required rate of flow. 
During the course of experiments using progressively 
increasing rates of infusion, the dial was set every five minutes. 
The rates of:flow required at the various times during the 
experiment were read off a graph drawn up as follows -
The abscissa was marked off in minutes trom ·t • 0 tot• 180. 
The ordinate was .marked off in mls./min. The total volume of fluid 
required for each individual was calculated so as to give 25 mg. of 
Phosphorus per Kg. body weight or 20 mg . of Calcium per Kg. body 
weight over the 3 hour period, depending upon whieh substance was 
being infused. 
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V t V The graph of the equation R • 180~ + 360 was then drawn 
where R ~ rate of flow in mls./min. 
V • total volume of :fluid required over the course of 
the experiment . 
t • time in minutes fr-0m the start of the infusion. 
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STATISTICAL MEIHQDS USED. 
A. IN nm POOSPHATE EXPERIMENTS . (Experlments I ... Xlll lnclustve). 
The regreaslon equatlons were detennlned ln the fot\owlng 
manner. 
Let x, X denote the varlable plotted on the absclssa. 
y, Y denote the varlabte ptotted on the ordlnate. 
Let n = number of observatlons on each subject. 
Let X = Ex - the total of all the values of x for each 
subject. 
Let Y = ty. 
SXy = .. xy - 1::/. n 
Syy == 
2 
EYZ - I: n 
Then the regr~sslon coefftclent for each subj ec:t, 
a=~• Sxx 
The value of the negatlve tntercept on the ordlnate, b ls 
glven &8 b ~ y - ax 
The l.eve1. of probrfbltlty at whlch the hypothests that a = 1 
for each patlent could be rejected was detennlned from a table 
oft wlth n - 2 degrees of freedom {Table 14) 
A value for t, for each pattent was obtalned as 
1 - A =E 
Jt;;. 
where st= Syy - . a SXY 
n - 2 
/B. IN THE • • • 
2r 3. \j 
B. IN THE CALCIUM EXPERIMENTS, (Experlmenta XIV to XXIII lncluslve). 
(1) Here let x, X denote Pl sma calclum concentratlon ln mg0 /o. 
UV 
y, y denote ea x 100 G. F.R. 
Let k • number of patlents (In thls case k = 9) 
Let n. 2 number of observatlons on the lth patlent. 
• 1 






.1 ) be the Jth observatlon on .the tth 
patlent where J runs from 1 ton 
1 
Let x1 • jxij' the total of the x•s for the lth patlent. 
Let Y
1 
• 1y13, the total of the y ' s for the lth patlent. 
xt 
(l) Let Sxx1 = 1x
1
1 j - ~ 
yf --
• -b • y - a X 
1 i i 1 •• 
Let Syy: :a E Syy
1 m l 
Let Sxy :a .E Sxy
1 m l 
ni 
/The • • •• 
Sxy 
The "average 0 slope am=~ 
m 
(4) The "error var\ance" er! for eac:h patlent ls estlmated by 
1 
= n - 2 
1 
The pooled error varlance ls estlmated by 
z t 
S • N - 2k [ 
(5) The tabte of covarlance to test the hypothesls t hat the a1 
were equal (Table 26) was drawn up as fol lows. 
Dlfference between a1 
Devlatlons wlthln 
patlents from thelr own 
D. f. 
k - 1 
slopes a1 N - 2k 
Devtatlons wlthout 
patlents from the 
average slope •m N - k:-1 
Swns of Squares. 
Syy - za1sxy1 l 
Syy - a Sxy m m 
S 1 
Then (k - 1 • F wt th k - 1, N - 2k degrees ot freedom. 
S tN - 2k 
( 6) The 95• I• conf ldence lntervat for a 1 were catcula ted 
as a1 ! t 5•1., N-jfs~ 
(7) The level of probablllty at whlch the hypothesla that 
a1 • o•s could be rejected (Table 27) waa obtalned from a 
table of t. 
/A value • • • • 
(8) 
A vatue tort was obtalned by 
t,N • lk = 




It wtlt be seen that tn computlng the 95•/o confldence 
lnterval and the Levels of probablllty mentloned ln (6) 
and (7)t a pooled estlmate of the error varlance has been 
used rather than,,.!. 
ThlS assumes that the,,.! are equal. 
In order to test thls assumptlon Bartlett.s• test was 
tUt~-:1. 
Thls test says that B;c ts dlstrlbuted as x' wtth 
k - 1 degrees of freedom. 
and C = 1 + 3 ( k 1 _ i) 
In the serles of experlments under conslderatlon 
B = 13.6452 
C = 1.08728 
• • • 
2 
X 50/0, • 15.51 
The asswnptlon that the ,,.r are equal. ls therefore 
permlsslble.. i 
2G6 
ANAL_YTICAL . METHODS 
1) .Inulin in Serum and Urine . .. Method of Schreiner(230) 
(a) Serum, To o!le ml . of serum were added 5 ml. 
distilled water , 2 ml . of 5% Zinc sulphate 
solution and 2 ml. of 0.25li NaOH. The resulting 
protein flocoulum was separated by centrifugation 
and the supernatant protein free fluid used for 
analysis •. 
(b) Urines Where the urine contained protein, it was 
deproteinised in a similar manner to the serum. 
In none of the cases described in this thesis 
however was this found to be necessary. A suitable 
dilution of the urine was made (usually 11200) 
and this was used for analysis. 
To 2 ml . of protein free fluid or diluted urine were 
added 2 ml . of 0 .1% resorcinol in 95% alcohol and 5 ml. of 
3o% HCl. This mixture was shaken well and placed in a water 
0 bath a t 80 C. for 25 minutes . The red colour which developed 
was read against a similarly treated standard solution in a 
Klett Summerson colorimeter using a filter o.f 490 u. 
An aqueous reagent blank was \18ed for the zero setting of the 
colorimeter. The colour developed by this method was found 
to be stable for at least 45 mine. 
2) Inorganic Phosphorus in Serum and Urine. 
The method used was a modification of the method of 
Fiske and Subbarow<76 ) using ascorbic acid for reduction. 
The serum was deproteinised by adding to 0 .5 ml . serum 2.5 ml . 
of lo% trichloraoetic acid solution. The protein floceulum 
was separated by centrifugation. 267 
To one ml. of protein free fluid• diluted urine or 
standard solution were added 4 ml. of distilled water -. l ml. 
moly-bdate re_a.gent and 0 .5 ml. of ascorbic acid solution. 
The blue colour was allowed to develop for ten minutes an:d was 
read 1n a Klet't Summerson colorimeter using a filter of 660 mu. 
Reagents used: Kolybdate reagent - 50 mg. ammonium molybdate, 
dissolved in. a mixture o~ 750 ml. of distilled 
water a.nd 150 ml. of concentrated sulphuric acid 
and ma.de up to final volume of 1,000 ml. with 
distilled water . 
Aaoo:tbic acid solution ... l 50 mg. tablet. of ascorbic 
acid crushed and dissolved in 10 ml. of di-stilled 
water and filtered. 
All estimations were done in duplicate. 
Zero setting on the colorimeter was adjusted with an 
aqueous reagent blank. 
,) Calcium in the Ser:IUl and Urine. 
(a) Serums The method used was that of Gree·nbla.tt, I.J., 
and Hartman, s. (Anal.Chem. 23: 1708). 
To l ml. of serum were added 9 ml. H2o, l ml.2N NaOH 
and a knife point of ammonium purpura.te sodium 
chloride mixture. This was titrated with EDTA solution 
from a 2 ml. burette to a.n end point marked by a 
colour change from pink to purple. The amount of 
EDTA solution used in the titration multiplied by 16 
gave the ooneentration of calcium in mg.% 
Reagents used, &mmonima purpurate - NaCl mixture 
Ammon. purpurate 0 .2 .grammes 
Sodium ehloride 100.0 grammes. 
ground well together 
2{! 8 \) 
EDTA aolutioiu 
Disodium - ethylene diamine tetra.acetic 
acid 148.8 mg. in 100 ml .. distilled water . 
All estimations were done in duplicat~ . 
lJ!he end point of this titration, while not easy to see 
at first, was quite readily seen when sufficient experience 
had been gained and the method was found to give accurate and 
reproducible results. 
(b) Urines The method used was that of Jackson and 
Irwin (l59). 
The Calcium from an accurately measured volume of urine 
(usually 10 ml.) ,,as adsorbed onto a cation exchange column 
using nnowex" 50 (Dow Chemicals), 50 - 100 mesh as the exchange 
medium . The column was approximately 12.5 oms. in length and 
0.6 oms. in diameter with a rate of flow of approximately 
1.0 ml./min. 
The column was actiTated for use with 25 ml. of 6N HCl 
and washed with distilled water until neutral to litmus. After· 
passage of the acidified urine, the column was washed again 
with distilled water and the ""shings tested qualitatb·ely for 
calcium to ensure full adsorption of the cations. 
Sodium and potassium were then eluted with N HCl by 
collecting an exact 20 ml . of eluate. Calcium was then obtained 
by elution with 3N HCl and colleoting approximately 35 ml. of 
the eluate in a 100 ml. volumetric flask. The eluate was made 
up to volume and was analysed for calcium by flame photomet17 
using standards for comparison. 
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The flame photometry was done on a :Beckman Model D Speo-
trophoto.metar with flame and photomultiplier attachments . 
A hy'drogon/oxygen flame was used with gas pressures of 10 lb. 
and 4t lb. respectively, and readings were ma.de at a wavelength 
of 554 u. with a slit width of 0.06 mm. 
The column was oleane4 betl.feen elutions with 10 ml . of 
5N ammonia followed by a washing with distilled water . 
The method wa.a checked frequently by passing known amounts 
ot calcium in solution through the columns and noting the 
recovery. 
4) Sodium and Potassi~ in Urin••· 
These were estimated on suitably diluted urine us.ing 
a :Barclay internal standard flame photometer. 
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